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The Dedication. 

tukkh they cannot he introduced 
without your Examination and 
a^frokaffon^ hjtfh mcmiragti 
mi tQ cap this my Mite into your 
'Treafptry^ xvhkn t/j4fjour ff^or-r 
fhips mm pleafe to acceft oj\ it 
the humm ^efire <ff 
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TO THE 



READER 



ALtho* the great Number of Books of all/ 
ibrts tiow extant in the World, might be a 
fiifficient Difcoiiragement toanyAudior from of- 
feriofi any Thing more to the Preft^ yet the 
Confiaevation of that common Complaint of a 
great Partofrhofe who have been at much Coft 
»nd Pains to learn, viz. that they forget a confider^ 
^bh Part ftf what, they have learned^ before they have- 
theO/fportunhy to pitt it in PraBice, hath animate^" 
me to venture into the World with this my Ma- 
nual of Trigwometryy in which I have endeavou- 
red to (erve Learners of all forts 9 the Subftance^ 
of Projeftion of the Sphei^ and Trigonometry,/ 
^eing.comprjz*d in fiich a moderate Volume, 
that itcannot be thought (by thofe that have 
any Opportunity and Defire tp learnj a DiflF-v* 
culty to procure Money to buv it, or Time, to 
read it^ the Rules fo/clear, tnat.it is not bard, 
to un derfland.it; and the Reafon^ for tbem lb 
plain, that it will be v^ry eafy to., retain and^ 
cemember it^ and apply it to PraSii:e us Occa-. 
fion requires. 

A ^. Ihavr 
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the READER. 

n begt^n with iha RudiaiQBta oC 
uLutpEn T, I'o fitr aa ia necefl^ry to the Fcrier- 
qiance of what fallqws. 

ft. FUinTrigenomeiTy Right-Miglcd tn^ 0-< 
bligac) in order to the right under&anding of 
which, I have intcrtcd fom? peceflary Dcfiiiili- 
OBs and Axioms, with the Conftrudion of 
Sines, Tangenis, and Secants fo expUinMi 
that the Le^rnc' pay fee t^c Reifqp wh^ the 
Siiet g£ t}\e Tri^'Q^U hrcQme Siiv:S, Tai^V"* 
or SecantSi to their refpefiivc Angles, which 
. Reafons once learn' d, the Rales cannot be cafi- 
." ly foMOt. 

3- Before I have cntfrd upon Spherical TfH- 
csnoBMtr^, I hayo handled uic Sttreogra^hicfc 
rwjeflioH of the Spiiere> with general Rales 
ftr doing it upon th« Pl»i»«tf any great C^Kle. 
I have Inftaodcd in Ive of th» Principal, vn* 
The Mendi^n, |Jori>on, Eguatot^ Eclipitck, 
«nd Prime Vertical) which, I ^ppofe, with 
At Reafbna thorcigiven for the feveral Appe«- 
ranc«t of the PrMcAion, iccordins to the vari- 
ous Pofitiona of the £yr^ witt he (tiffieient f«r 
Aa Information of the Learner in alt the Varic- 
liCi of that ^ojsAion. 

tcon&fa (have in this f^r^cular deviated 
hata the Ordt<r ^f fbvM Aiithora, viz.' ci- 
^er thof^ who treat of Spherical Tri^namett^ 
and Aflronomn without tpcaking any Thing . 
oE the IViueAien of the Spherr, or^ thoTe, who 
tntheOrdor of their Books fp«ak of Sphert^ 
«al Tr^nomettv fipft, and Projeaion of th« 
Sphecc afterwanls. 1 canv^i but think it more 
proper and indruflive to the Leamer to be 
JbA tMight the FrajeAion of the Sphere, and 
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Tgtht reader; 

f^ fef eral Circles wht^h oooftitute thofe Trv^ 
aRglf^>r wjbiicb are th«; Suhjeflef ^herical Tri* 
gonoiwtry, b^fom U^ey &11 n^pon the Calcuk"^ 
tion J for At /iscn^ .evidently more etfj and m- 
rural to foyoi 4 Broporttoa from what h ai^ 
VCD for Xbfi SpluttioQ of any fropofed Trknglr,^ 
after il is projf^ited in ita fwfct Appeamnoe, 
tb^n toperfarm tjieCtkttUtioo firft a«d cHe 
Frojf^iM 2|fcef wani; the fiiii»€iDar« tbat &rrea 
for QQe» rcxiMi>g aU« for tlui xther,. and di^ 
^ropgvtiopi for SoAMtfon fiialrrinies depending 
upon the Propc«tioii« of Ac Sinca of Sidea^ 
to the $in€a q€ their oppofiie Anklet, finnerimea 
cequiriag a Perpcndiciiiar to * be let Mi, ep^c^ 
whid^ Varieties quay ^ beft ooaceiyed after the 
Triangle h projeded, and that has induced nie 
to aCmie tbii Method. 

In aU inv Pt^bkrna ia Afttamiiny^ I have al« 
wayschufcq toPro^e&npen thePlainof fuch a 

freait Ciick> a$ may be noft OammacKeaa for 
eifprmaiicct and may <oiiie undenthe general 
Rule gitven (p^g. Xl% if ia dftioae) iwhereaa 
^thoiie that Uafii:t^ PiojciS eoly upan th« 
FWn of iheMeMdian^ the Pto|e3ioa fxwn femf 
Pizr^ 18 rendredl iffifoffihk. ^ c' 

And bccaofe nothing /hould be wanting to 
make SpherieaTCh>erat]0|i9 intelligible, I have 
.nx>t o^ly erpUiinea nF^y Lord N^pain^s Proportt- 
on, but aNo that which I have called the Glohi- 
cal Pr9JeBion of the Sphere^ and therein deduced 
Proportions tor the folutionof all the Varieties 
pf Kig)\t^ttgled Spherical Triangles Cand^coaf 
fe<].uently of Oblique-angled Triaode$ redur 
ded to Rigbt-ani^Icd by Petpendiculars) ftoan 
no other Principle than the fimple Confiru£lion 

Of 



READEK 

of Sinn fbeia^ Perpend icwUrs lef fiilfj anf 
Tangenu ( being FerpendiciiUrt railed from- 
tJicEhd of ELadius.) And-fer the better itlaftn^ 
tion of both, I ban made ufc of this ia the 
Cafesof Trigonometry, and of my Lord Nc- 
jwr»'a Proportion ia Amonomy, and have alio- 
a3ded the Oithngrapfaick Projefiion of the 
Sphere, and the Solution of the mod necc£Siry 
Qaeftions in' Aftrsnomy thcreopon, which i«' 
performed by Scale indCofiipaflea only, im, by 
the Chorda and Sines en- the Gunter's Scale ^ 
andlhavcalfo iRfcTtcd the mad material and' 
Fundamental Problems in Dialling and Geogra- 
phy, and concluded with Ibme u^ful Tables tO' 
find the Rifing, Setting,- cr- of the Sun, Meoo i 
or Planets. 

Altho* I h«ve not been fo Iti^e in the Appli' 
cation of Trigonometry to Dialling and Ceo- 
graphy, as a larger TreatiJe would admit off' 
yet I nave given fuch demonfltable Reafons for 
the moA material Problems therein, as is fuffi- 
cicntto incite tfte Learner to^ and infbnn hinr 
in thofe ulefnl Farts of the Matheraaticks ; 
which ip this, as in otberi of my psblick F^r- 
formancet, is thechtef Dc^gft of 

^ nut Lovei' «f thf Msthtnlatieks ' 

HENRY WILSON. 
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^ D VE M T ISE ME N% 

^ f4^t> Set of 8(e»dlafr9» from t new Glo^ 
bular Projcaion, reprefentidg the Surface of 
l(e Earth in ir& trfte aird propar $*onti, wnl^^^ 
out (ucli Difi^nlon orMifceprcfentatiQa^ as it 
in the Plain and Mercatwr'^s CiuUrtA^ Exaaune^li 
ilpproved; Mil publkkfy Recooitneadid by 
tke learned Dr. Hadljyfy and adier Matbemati- 

P«pfocmi?d by ^hffUant^^ Engw'riei' itifd 
Printer , in Buil-Head^Court* Nevinat^Sh^er^ 
Jbhii Sifiese^ fingravcr and' Fookfetlciv at the 
Globe in iStf/«iKn|f-Co«rt v ««d KentyWitCmy thei 
Autkor o£^ this Boole, af the Ji^ti^ kv thsrLHtte 
Uinoria.^ M all whkh Flacea 8>pc«iiiieif9o€ tk^ 
foofcSiw may be^ fiten, 

N.B. Tile Autlior fi^f^ WUfpitt ^uf^jrs 
Lrrnd, draiirs Map* of Eftates; e^r: iind is wil^a 
liiig to favr«nj ©entfcjManiir th^t^ or other 
Wathemnrieal FeJrfortnances, if tKcy plel^fc t0 
cnquiire for him at the Plaec above-mentioned!'. 
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C H AR I. 

S E C T. L 

Geometrical Problems. 



PROBLEM I. 

Frtm a %tveu Poim A in the Middle cfa Ijne, 
to EreSl a Perpendicular. 

H I T H any Extent in yonr G)ni- 
u| p3fie$,and one Foot in A^ make 
|1 the Marks e and J( then with 
HI any ereater Extcnt.and 
w one Foot in f, make the PUtri, 
Arch e, and with the Figri. 
fame Extenr,and one Foot in J, crofs 
the faidJVrch in e; a Line drawn from the 
Interfcafon of the Arches in e to the given 
foim y4. IS the Perpendicular required. 

B PRO- 



J Geometncal TrobUm^. 

PROBLEM 11. 

Wftm a Paint given without^ t0 Itt fall a Ptrpen* 
dkttUr to a Line given. 

With any Extent mow than the neareft 
Diftance between the Point and the given Line, 
and one Foot in the given Point Xy crofs thd i 

Line in m and n 9 then with ti^e fame 
Plate I, Extent, (^or any other greater than 
J^^.2« half the £)}ftaiu:e m n) {dacing one 
Foot in m and », make two Arches to 
crofs each other in r^ lay a Ruler from x to the 
Croffing at r, and by it draw x t, it is the Per- 
pendicular required. 

PROBLEM IH. 

From the End of a given Line^ to raife a Perpend 
iicular. 

With any Extent, and one Foot in the End 
of the Line at B, place the other Foot any 
where above the Line, as at C, and keeping 
that. Point. at C, turn the other about, und crois 
. the Line at D, and turning your Com- 
P^dte I. paffes, make the Arch £5 lay a Ruler 
JF/g. 3, from the Croffing at D over .the Point 
C, and crofs the Arch Ey a Line drawn 
from the Croffing at E to the Point B» is the 
Perpendicular required. 

PROBLEM IV. 

From a Point given over the End of a Line to let 
fali a Perpendicular. 

From the given Point B draw tlie Line B D, 
f to cut the Line 3 £ at any convenient Diftance 

from 
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Geometrical ProUemu 5 

from theEiujE, whereabout the Perpendicular 
^ is to fall, divide the faid Line B D into 
^ two equal Parts at F, and pkcing one Plate i. 
Foot in F3 with the Extent FB, ox Bg^ 4. 
B P, crofs the Line DEinEt the Line 
B E being drawn, is the Perpendicular re- 
quired. 

PROBLEM V. . 

To dmie afiven Ri^ht Une int^ tVfoEqual Partt^ 
froferly caUed BiSt^mg a Lwe. 

Let the Line he AQ with any {Ixtent greater 
than half the Linp, and pne Foot'ip 
>f mjike the Arch hAj then with poe PUtt I0 
^oot in C cro(s the (aid Arch in b and Fig. %. 
d^ a Line dra^wn fr.om.i to J, will 
biffed the Line J^ C in e^ as w^9 reqiiired. 

^^ Aj^ip^ Dj/ioKfCf^ ta dr<t^ a JUm Par4M\to a 
given Line, 

. TaWthe given DiSance in your Cofflpafle»» 
and with one Foot any where towards 
each Eind of tk& giv^a LijK, as in a Plate i, 
,apd fc^W^^.P ^!^'^ f^*}i Arches c ^nd 4/ 5 . JF/g. <y, 
;a Line dr^wn fi> ^s juft to touch the 
^Extjrcn^ity of thpfe Arches, /h^U jbe the Paral- 
lel required. 

PROBLEM Vn. 

To bring any three Points into the Circumference 
o^ a Circle^ provided they are mt Jitmte in a Right 
Line, 

Let the Points he A B and C, firft with any 
Extent more than half v^J5, and one Foot in A^ 

B t make 



4 Geometrical Trohlemf. 

make the Arch d m e^ and with the fame Ex- 
tent> and one Foot in B defcribe the Arch dne^ 

to crofs the former in d and e 5 then 
Plate I. with any Extent more than half B C, 
fig, 7. and one Foot in B and Q defcribe the 

Arche« h i g, and A r g, croffing each 
other in h and g^ then through the two Cfof> 
jling$ h and ^, draw the Line h p 0^ likewife 
through d and e draw d e o^ and where thefc 
Lines crofs each other, ( as in ) is th^ Center 
of the Circle, and the Diftance y/, B, or 
C, will fweep the Circle required. 

i^ote^ By the fame Means may be found the 
Center of any Circle or Arch of a Circle by 
afluming any three Points, and finding the 
Center as above. 

PROBLEM VilL 

* To lay down any given An^e at the Point B in 
the Line B C, frfpofe of 40 Degrees. 

With the Chord of <5o, ( always ) and one 
Foot in the givefi Point JB, defcribe the Arch 
e g ^ then take your given Degrees 
plate f , 40 off the fame Chord, and fet from 
/%• 8. ^ to ^, and from B through e draw 
B Dy it will make an Angle of 40 De- 
grees at B9 with the Line B C 
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Onfku^iion of Smeiy Sec. j 
SECT. n. 

Definitions tf;?^ Axioms* 

EV E R Y Triangle conl^fts of^ three S'td^^^ 
and three Angles. 
• In tt right angled Tmngk, the longeft or 
flopc . Side is called the Hipotenkfe 5 the other 
two Sides including, the right Angle, . are called 
Legs or Stder ^ ot fometimer one is called the 
Bajiy and the othci' the ferpenMcuIar^ and they 
may be called jfo alternately, according to the 
Pontion of the Triangle. 

An Angle is commonly exprefs^d either by a 
fingle Letter, as the Ahgle B^ or by three Let- 
ters, as the Atigle A B Cy whereof the Middle 
fignifies the Atiglt, 

An Acute Angle is lefs than po Degrees, as 

A JRight Angle is 90 Dcgrees^as AB C. 

An Obtufe Angle is. more than po Plaui. 
Degrees, as the Angle ^^CG. F^g^^l* 

The three Angles of'any right lined 
Triangle ^dded together make 1 8b Degrees; 
thererore the two Actite Angle* of ariy right 
angled Triangle itiake always 90 Degrees, bei 
caufe the right Angle ii 90, therefore one Acute 
Angle of a right angled Triangle, or two An- 
gles of an Oblique Triangle, being known, the 
other may be eafily found. 

When the Sine, Tangent, eTv. of an Obtuft 
A:ngle is required, you nau0 inftcad of that 



d Conjiru&im of Sincf^ &cJ 

take its Complement to i8o^ thus the Sine of 
130 Degrees is the Sine of 50 Degrees, c^f. 

CoAr^ or Complement Arithmetical, is fotind 
by fubftraftingcvcryFigure. in a Sine or Tangent* 
from 9, except that next the Right Ha n^d,- and 
that is to be fubftrafted from 10. Thus the 
Co At of the Sine of 25^ ^» 5 »» is o, 5 1 ^05, btit 
may be more readily found by Infpe^ion in ih^ 
Table of Logarichmal Sines, Tacigentaji and 
Seicants, thus: 

x^^^r CSins '*) ^Sec. Compl. 7rejea 

I ox u ^Tang. >Take-> Tang. Compl. > S^- 
.Secant 3 cSineCompl. 3 *«^ 

And you have thr Complement Arithmetical 
irequired. 

The chief Ufe of (i> At is, when Radius is not 
pne of the given Tei'ms 5 for then by taking 
the Co AT •t tlie firftTerm inllead of thcSinp^ 
or Tange»t itfelf^ ajid adding i^ to. the other 
two Terms, the Suoi abating KaJiHs^ iV the 
fourth Term rcauiredf- : - 

A Dejifutlm of th Sines, -Trngents, Scc. 

In order ta the right Underftandlng of Tri- 
gonometry, it is neceflary. to know 
Plate X . what is a Sinei Tangent^ $ecant, c^r. 
pig. 10. of which take' the following Defi- 
nition. . . /. 
Every great Circle is. fuppoled to cpntaint ^.60 
Degrees, me ha If Circle 180, and the Quadrant 
(upon which the Sines, Tangents, c^c^ ar^ 
projefted) po Degrees. 

The Radius^ Root, or Foundation of the Pro- 
jcSion, is the Extent with whichr th^Arch is 

• ■ fwept» 



Conflru^ion of Sines^ &c.^ 7 

fwcpt> or the Scmidufneter of the Circle) and 
18 commonly fuppoied to be divided into loooo 
parts, SLS ye, 

A right Sine i» a right Line drawn from the 
given Degree, till it fall at right Angles upon 
that Semidiameter, from whcSe Extremity it is 
numbered ^sg^f is the Sine of 4j Degrees, be- 
caufe it ia a rerpendicuVar, let fall upon the 
RaJtHS e b, and the 45 Degrees is numbered 
£roai b» 

The Convplement of an Arch is fo much, 
AS it is le/s thatv po, and the Sine Coo^ 
plemtfots. Tangent Complements, ^c are 
<mly the Sinesi Taftgcnta* cp'r.. of tbofe Diffe- 
reaces ) tbiis> g i e^iial tQ /#, ia th« Siae Com»- 
{dement of 451 und is the^ne alfo of 45 De- 
g;rees» if nuo^ber'd back from 90, becaufe it rs 
. a Perpendicular let fall upon the Lii;>c i h^ £rom 
whok £xtre(Bi(y (2^^ the 49 Deg^asarc niim« 
bet'd to ^. . 

A Tangent. Line i» the Line 6 d contjnue<L 
bcine PcrpeadkuUr to the Ua<£us f b^ and jun 
tottcning the Ckcle and the Tangent of any 
ArcK is. numbered up^n that Line» and limited 
hf a ri^t Li<oo drawn from the Center through 
the Degree propofed, and continued till it cut 
the Tangent Line § tl^iis b d 'm the Tangent of 
4.5 Degrees 

A Secant is the Line £0 drawn ffonp the Cen- 
ter, till it cut the Tangent Liae § thu^ ^ 4 is the 
Secant of 45 Ik^cts. 

A Verfed Sine is that Fart of tjbe I^Vameter 
comprehended between the Circlf and the End 
pf the Right Sine, as/i is the Verfed Sine 
of 45 Degrees. 

B 4 A 



Z ConJlruStion of Sines^ Sec 

A Chord is a right Lii^e drawn between the 
Extremities of the given Arch, as the Line h g 
is the Chord of 45 Degrees. Note^ The Chord 
of any Arch is equal to twice- the Sine of half 
the faid Arch. 

From this Diagram well underftood and ap- 
ply'd, are deduced Rules and Proportions for 
folving the following Cafes of Trigonometry, 
obferving) that as Rud'ws is the Semidiameter 
of the Circle, fo in the Application, whatfb^ 
ever Side of a right angled Triangle you would 
make Radius^ take that Side in your Com pa£[e9^ 
arid with one Foot in the Angle at the Bafe 
fweep a Circle, then will the Angle at the 
Bafe Deconie the Angle at the Center^ and each 
Side will at once difcover whether it be Sine 
Tangent, or Secant, according to the Defcrip^ 
tion above. 

Suppofe in the Triangle aibc^ you would 
make the Bafe a b Radius^, take ah in 
PUte I. your Compares, and with one Foot 
pg. 5^. in a draw the Arch h d; and draw a d 
Perpendicular to a h^ then h ahd' % 
Quadrant, and by the foregoing Definitions 
fi r is the Tangent, and a c the Secant of the 
Angle hac. 

But fuppofing the Triangle e f g to be the 
fame as a h c^ only you would make 
Plate I. the Hipotenufe e g^ RaJiufj then gf 
Ffg. lo. is become the Sine, and/^ (equal to 
g i) the Sine Complement of the 
Angle f, and thefe will be the Terms nece^Giry 
to be made ufe of in the Solution. 

AU 



Tlain Tngonafnetfj%\ 9 

All thefe Things rightly under ftoocF, all the 
Varieties in right lined Triangles may be re* 
duced to thefe fbur Jixiomsi 



AX 10 M V 

hi all irjffbt^ngledL ]^in Trianelet) iF one 
Side be made RaMus^ the other Sides will be 
Sines, Tangents, or Secants. For firft» 

If a Leg be made RoMus^ the other Leg will 
be the Tangent of the^ Ai)gle at the Bafe, and 
the Hipptenufe the Secant of the fame Angle. 

But if the Hipotenufe^be msiieRaJiusy the 
licg oppofite to" the ^gle af the Bafe is the 
Sine ot the fafd Angle, and the of I^r its Sine 
Somplem^nti Piate i. Bg. io#- 



A XIO M IL 

In all plain Triangles the Sides arc pro. 
portionable to the Sines of their oppofite An- 
gles. 

- In right angled TriangleA it i$ evident*,. if 
you make the Hipotenufe RadluSy that the 
Legs are the projefted Sines of their oppofite 
Angles, and confequently bear the fame Pro- 
portion to the Hipotcnule, and between them* 
felves, that the Sines in the Table bear to 
Radius^ and to one another. (See Plate i. 

B J A X I O M 
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AXIOM: Mh 



1 



In all TrianglejSy as the Sum of the Legs ift* 
cloding any Aojlr is to their DiflFerence, fa 
i« the Tangent of half the Sum of the un- 
hemrn Alices, to the Tangent of half tk^ir 
DifiFereoce. . w ! 



J X 10 M IV. 

In all right lined Triangles ; as the Bafe (or 
WDgeft Side ) to the Sum of the other two 
Sides, fo i$ the Difference of the faid flior^tcft 
$}des to the Dii&rei;u;e of the Segnpeifts pf the, 
Bafe 9 f^e this expUio'd .^n Ca(e ^e S^th q( 
Obliijue Triangles. 
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Tlam Tf'igomnetryi 'ii 

S f C T. XTL .. . 



T 



H£ Hipotemife and tbe Aogle^ Mfig 
givcAft to 6nd » Legs. 

nitrpr. CHIpotcnufe y/ C 8(f 7 Required; 
^'''^° 1 The Angle B^C3<^ 3oi C£. 

CONSTRUbriON^ 

Draw -^5 at Pleafufe, and by /'rot. 8, oit&e 
tlie Angle -/? 3 (J 30, upon*^!/^ (^ let off 
Si^ from ^ t^ r, aiid^ by />i^. 4* l«t Phte^i. 
faU the Pc^rjp^ndici^kr C i¥> theii /h»U .%• i.i» 
jiB ( nuemred on the fao^ Se^Ie of . 
equal Parts, that ^ C was taken f^on^) be $i« 



CALCULjiTIOK 



i t 



Firft making ^ C.R^y/«/, ^ which is moft 
eafy> becaufe it, come* under the Proportion of 
Sides ISO the^ines of their oppofitc Ang^lej). then 
( by Plate 1. Fig. 10 ) C B is the Sine of the 
Anftle j^y therefore 

So Sine of the Angle ^3530 9. 7 74 ^8 

• To $:de oppofite, BC 51 — i. 70887 

B <^ '^ Bu' 



li Flain Trigonometrf. 

But making ji B Radius^ then A C U tfie 
Secant^ and B C the Tangent of f he Angle ji^. 
( by Plate i. f»g. p. ) therefbret 

As Secant of theAngle ^-3 6 30G9 ^r o. 90 5 1 7 
' *Xp '^ C •— — 9€ *-« -I. P9449^ 

So Tangent of the Angle y/ 3^ 30 - p. 8^920 

m il ■ ■ I 

To Side BC «-— 5F ^1.70885 

AuixMkkingBCKaJius, jlCwill (byP/ir^i; 

Eg. 9. ) be the Secant of the Angle C» (whkh 

ia the Complenxeat of ji^viu 53 .30 ) and 

then 

AsSecant of the Angle C 53 30 - 10.225^1 

To AC — — . 8^ — 1.93449 

So Radius 10. 00000 



To Side BC — ^ 51 ^ — 1.79888 

• 

. I /hall not trouble the Reader with all thefo 
Varieties in the reO, fuppofing this with a lit* 
tie Apphcation fufficient to give the £ieamer 
an Infigfat into the making every Side Radius^ 
and the Reafon of the Proportions arifing 
from thence. > 

CAS E, II. 

Given the Angles and a Leg* to find the HI- 
potenufe. 

Given IS' Anglr^ 40.o-> Rcquirea 
CThc ticg A B 5005 AC^ 

COKSTRU- 



Vlain Trigommetrfi. ILg 

C.ON^TKUCTrOff.- 

Make ji B 500, and fct off the given Angle, 
as in Cafe i. at ^, and draw >4 C at ^^^ ^ 
Pleafurc 5 then from 5 ( by Prot. 3. ) ^ ^ j* 
laifc the Perpendicular B C to cut ' ^^ 
^ C in C,r and the Triangle is fiailhed; 



t 






CALCULATIOK 

■ 

Making A C Kaiirn^ A B will he the Sine of 
Ae Angle at C; then 

As Sine ofthe Angle C— 500 ^- 9.8*4*^ 
To Side ^B^^ — Soo^^ i. 69897 
SoUadw * — — '--",' lojrdooco 



1*111 I 



To Side A C required ^jSj 3 .— , at 8 147* 

• ■ case' lit 

> ' ' ' ' 

Given the Anglei and a Leg,to find the othet 

I^^S- . . « * - » ■ 

° . t The Angle at J< 40 o ? RcquirejJ , 

G^^^" iTJieLe|v*i?..50ot if C. ' 

« 

CONiSTKUCtlON. . . . 

♦ ■ 

As in Cafe the fecond, the fanae Thing 
Being given. 



CA'LC^I^^^- 



^ Fhm Trigonometfji 

CjiLCULjtrion. 

Making ji If RUms^ B C will be th^ Twi.: 
gcntoftlie Angle at'^ Acrcftre, ^ 

As KJUus ^ ^-* . »-* 10. OOOOO; 

So Tangent of the Angle ^ 40 o »-« p. 92381 



^«a»HB«ii*B-M»W«- 



To jB C »eqiiired *— 4^9 rr a. ^2278 

Qiven tbe Hipotenufe and a Leg, to find aQ< 

Ai^gle. 

^ , f The Hipotenufe AC^ ^^o\ Requite tlic 

WvenTbcLeg>rfJ8 -^ 550> Aiglet. 

IVIale JB ^ 50, And at J? crefl: the Perpcn- 

Ttate I ^icnlar JB C at Fleafure, by Prof^ 3. 

fw 11' *^^" ^^^^ ^'^^ Extewt AC liQi, and 
*' * placing one Foot in ^, crofs the Per- 

pendiculai^ BQ'v^Q and dr<irw ^ C,. and it is 
done. , . 

CALCULATION. 

Making AC Radius ^ AR will be the Sine of 
the Angle C or Sine Complement of the An- 
gle ^, required therefore 

Kb AC »— ♦ 720 '^ *• 85733 
*To RaJiiis 10, oooco 

SoAB ^— 550 •— a. 7405<^ 

■ ToSineGomp. of Angled, 40 II -9.88305 

CASE 



Tkm Trtgommtrf: 'ij, 

• ■ C A S E % ' 

bthdr Ixft^ 

^ . cTheHipotenufe AC'iio ? reqnitM tli« 

Given {theUg^£ — ,55o5 Ug£G 

■'.<•■ "" ...••- 

' ■ ■ COtfSTZ-UCTIOir, 

Aiia Cafi 4.- being'tfee fknieDtff^. . 

CAlCULjiTJON. 

This fequ}r« two Operaiiotis •, firft by CW^ 
the 4th, to find the Angle at A^ which is al- 
ready found to lie 40.11 5 then if you mal^c 
jiB RaMusy B.C i« the Tangent of th^ Angle 
at^^i'but w^C being mzAtKddmi, Z? C is ♦he 
Sine of the faid Angle, and a(:cording to the 

latter. 

As Kadlus ^^^ 10- 00®^^ 

To^C ^ izo « 2.857^? 

So Sine of the Angle 9,t A 49 x \ - 9- ^^91^ 

. - To Ac teg^C. fea4»if<Jd •4<J4 - *• <^^704 

" • '■ CASE VI. ■ 

The Legs given, to find an Angl^. 
^. cTheI^e«^5 3<5?o?R€qiiiredtbcAn^ 

^^^^"iTheLe|5C43^y gl^ >*• 

, . plate, t: 

CON^TRU- 



"' r -^ 



^ FJain Trigpnometrf* 

. / . • .' " » 

Ifia^t.AB 3tfo, .and at B b^.pro^. 5. txt^^ 
Ae Pcrpehdicular B C, opbn^fcichfct bflp4r}p, 
froQi J3 to C* and draw A Q and .'ti$ done. 

cA L cxJLA %i o'n: 

Making AM KaMuSy^ jB C yfOl be Ac Tangent 
of the Angle at' Aj tbercfoSrc 

To Radint — . -^ ..,. ^^^ 60000 

So B C -^- 439 . -* 2. ^3 345 



"•«<»-""i*!»— • • 



I ^ 
•*'. 



T<o Tang, of the Angle -^ 5*04.— lo, 07715 

CASE VU: . . .....J* 

The Legs giTen, jto fin4 tbe HIpoteDufe. 

• r 

Given \^r ; ^^^ Required v^C • 
Confiruaion as C^ the lixth. 

CALCULATION. 

. Find the-Anglfe Ahf G«/e the fixthi WfaiclP is 

50® 4' then 

Making AC Kad'mjy.B C "w'AX be the Sine of 

the Angle A^ therefore 
As Sineof the Angle A^ 50^ 4> -- 9. 88411^7 
To Side BC — .430 . — ^^^ a, ^334^ 
So Kadws. i "^ • , /-♦- JO, 00000 



I II I I ■ > 



To A C required ^ ^60. 8 — 2. 74879 

There 



Fkm Trigonometry^.. ij 

There is another Method wifcn tbd Leg^ arc 
given* to find the Hipotenufe and the Angles^ 
viti. Multiply each Leg by itielf»and add the two 
Produils together, extraS the fquare Koot of 
that Sum) it /hall be the Hipotenulc required^ 
( Euclid, Uh. I, Prop, 47. ) and having found 
the Hipotenufe, takehalf the longer Leg, and 
add it to the Hipotenufe, and fay 9 As that Sum 
%sto%6f fo is tile thoxtcx Leg to its oppofite 
Angle $ and having found one of the acute An«> 
glea, the other is eafily found i it being ita Com-^ 
plcmentto yaDegrcc^^ 

EXAMPLE. 

In the fbregoJng Triangle in Cafe 6 and 7^ 
AB jdo,^ B C 430, Firft to find A C. 

3x4500 (f^o 

a € 
^ MakingtheRe- 

5^0 450 xotf)d45 ft^ahidcr 900 ^ 

^60 430 6^6 Numerator to 

, , , , »-.N-i ...^..^ the Root. Dou- 

xi^ iap 112)900 bled the Hi- 

108 172 potenuic is ftfo- 

i . ,-ff § whiph re- 

129^00 184900 duced is 5^*0- 

129500 fjy which ini 

-^-.-.-^. • Dechnals is 5.tfQ« 

Sum of 9i45<^ Bne^reft 

thcPr^d* * * 



Thet» 



i8 Tlain Trigommtij, 

Then for the Angle C oppofite to the letfcr 

AC (tti avoid Fraaions ) is jfii 

The longer L^ S C 4;o^ its half it 115 



As. 77* U 5rfo 
85 



»SS 



H.— . CempVment jo* 

^i%a ffSt Mifwcri tuf- 

«984 . ficiently nat the 

— ■- ■■ ' Truth for cod> 

' I rfstf r *"<"' Uft. 

To Uluftrste this' Method of finding an 
Angle. 

COtiSTJLVCTlOK ■ 
RetaiM^ Otil the fo«6:icr Triangle ABC. 
Plate I. 

Condhtie the longer Leg C B both Ways, 

and vi'iA the £xtent ji C, and Ane Foot in 

the leafi Angle ) defcribc the Circle FA /), 

make f G equal to FC, ticGt the Perpendicular 

or. Tangent Line I> E, and draw 6 A conti- 

, nncd, till it cut the (aid Tangent D £ in £. 

'^ Thia 



. Flain Trigonometrf. ¥> 

This Proportion is grounded upon a Suppo- 
fition> that the Arch AD differs infeniibly from 
the Tangent; Line J>E^ and indeed the lefs 
the Angle at the C^ter, they ftill differ the 
le&; Arid evert la this G^feiy^i^hercihe Angle at 
C is near 40 Degrees, the Error is not material. 
Now, if we grant -^D equal to ED^ and the 
Diameter of a Cirde to be fo the Circumference, 
as 119 to 3 55, the Proportion follows thus. . 

In the Similar Triwigks GB A *«d Gt> E^ 
ir ii as Q,M t» b A foG D t* D ij; QsttcUJ. Lib. 
Vf. Prof. 4. ) and if D v^ be equal to D£, it is 
as G fi to fi -^, fo G DtoDA'j, and becaufc wd 
•re et^dfeavpiKii^ tb n/teafiire the Angle bCA 
by the Arcl* ^ D, it fntjfft be fuppofed to be an 
Arch of a Circle, the Whole of wiicb contains 
3^0 Parts or Deg^es, and its half D Af 180, 
and by the abovc-iftcntiomed Prtjpbrtfon it^ 
Dia?rtieter:is ii+flv fuch Parts whereof the 
jvhol< 

New, 

RaJius^ vix- 171 ff^ which forlETvennefs of Num^ 
bets we will call 172, and Gi^ is equal to pC; 
equal to C-^ the Hipotenufe and C B is the 
longer Leg; it will beas G^^ (twice thcHiija- 
tcnufe,apd opce thje longerLeg.) to G, D (thrice 
jLadtHs^ or } 1 7 2, fo BAmc (hotter Lcg> toJj£; 
nyhich is graBted equal to D^, whi^h (^-^^ 
is the Meafurc of the Angl< E reauSed*. 

And by taking half the two wttTcfmsi it 
will be as the Hipotenufe idded to half the lon- 
ger Leg is to 8(^, ( the \ of 1 7a ) fo the fhorret 
hKgh to kt d{>po&e Angle* 

SECT. 




«o 



"^ ^r^£o«m(tr^^ 



*'>««o ^.^"5'" and . «• . 
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Tiain Tngmojnetrfl tt, 

CALCULATION. 

' Tkis U folvcd by Axiom the Second, and 
tlie Proportion is, 

As Sine of the Angle D 550 Co.AT-Or24i4o 
ToSidcoppofitc F£ 380 — ^'5191^ 
8oSin6 of tke Angle £ 400 «^^ 9.8o8o<; 



■ i m ■ >■ 



To Side -oppofitefD required 4^^—> 2.^2924- 



CASE n. 

Two Sides and an Angle oppofite to one of 
tliefl), being given, to £nd the Angle oppofite 

to the othen 

• ^ \ 

r- SS^ e4' ^1 '°°? required tbe 
Given ^ The Side £P 4*0^ "^ i^p. 

cThc Angle I> 30003 ® 

» * * 

Tbis Cafe is afnbiguOiiis, and may have the 
Angle is either acute or obtufe, which there- 
fore muft be known before the Quantity of 
the Angle can ha. detdnnined.' 



CON^ 



TMin Trigommirf, 

CONST, RUCTION. 

f FDit PJejfiiK, anti by Prid>. 8, mi*e 
le given Angle 50, and dcaw J> E 500 J 

then with the Side EF 410, in your 
, eoonpaffe*, and one Foot in £, crofi 
. thcLine FiJ,inf,andisooeTOaft;ing 

the Angle E F D aCuW, the othec 
: But if it be firft known whether 
glc F be acBCe.or obtu&, you oped draV 
le of the Lines E F, accordine as the 
is, and theTriangle is fini(hea. 

C ALCULATION. 

iixim tHe.S^WKl* tJi? FrdporiiQi) ia» 

cF E — ^ 4CO -— Co. Ar. y.^ySjS 

:;XtV'° - '•'*' 

le E'D : SCO -^-. 2.(59897 



Ingle, l .il*ii i8if<*mftS '•"'"'' 

Crf J£ UI.i ■ 

o Sides and an Angle oppofite to one of 
jeing given, to find the third Side. 

cTheSideDS 5507 . . .x, 

iThe Angle D Jo oS ^"'° '^°- 



plain Trigonometry^ j¥ 

m 

CONSrHilfCTlON. 
As in. Cafe the Second. 

CALCULATION^ 

Having found the Angle P, as in Cafe tlie 
Second, the Angle E is foond by SuhfitaUim 5 
if P be acute, the Angle E is ii 5 28 j if !»' 
be obtufe, the Angle at £ is (? 32 5 then iirft 
if the Angle JF be acute* 

As Sine of the Angle F— 5(J ;i— Co. Ar-0.22527 
To Side oppofitc £ D *— 500 ^— 2.(^9897 
To Sineot the Angle ^E-i 13 28 ^ 5^.9<^250 

To Side oppofitc FD — 770 :-: .2,88tf7+ 

But if the Angle F be obtufe. 

As the^tneof theAngleF-143 28-Co. ar-0.22527 
To Side oppofite ED — 500 -* 2.^9897 
5o Sine of the Angle E ^^^ 6 32 -- 9.05607 

ToSideoppofite F"D4requircd 93 — 1.^8031 

CASE IV. 

Two Sides and their contained Angle given, 

to find cither .of the [Other Angle« -•( coiife- 

quently both*) . ; ^ 

' Given 



%4 ^^^ Trigonometry. 

r- 5 S' 113'' In ,*^^^To find the An- 
Given^ The Side fD 770> „i- p 

The Angle F3<r, 3a S ^ 



CONSTRUCTION. 

I 

MakeFD 770 and by Prok 8. make the An- 
gle F 35,3a, and draw FE^ upon which fetoff 
4£0 from F to £» and draw the Line E D, and 
'tie danc. 

CALCULATION. 
. . 

PArr* I. The Performance of this depends 
Fig. 16. u^onAxhm the Third, viu 

• ^ ^ 

As Sum of the given Sides 11 po-Co*.Ar-d.pa44tf 

To the Difference of i ^ ^ 

the given Sideij ^ ^^o - - 1.5^^6 

So Tang. i Sum oF 7 ^, . q q 

- unknown Atieks < ?^ ^* — »o-4»^3» 



unknown Angles 



■ I !■ 



To Tang, f their Differen ce 41 43 9.94990 

HalfDJfferencc added to? TTTT.i, a t r- 
' the half Sum . . i UlU '^^ ^"S^*' ^ 

Subftrafled from the 7 , ^r • t T^ 

half Sum I 30 I the Angle a 



CASE yr 

Given two Sides, and their contained Angle, 
to iind a third Side. 

Given 



r 



Than Trigonometry. 2 5 

^. ^S^S^i? 7707 required the Side 
Given < The Side F£ 4aor ijx 
The AngkF 3^.323 



CON,STRf/CTi«l>^. 

The lame D^r^ and Conflrudlion as the fore« 
going Cafe. 

CALCULJITION. 

Find the Angle as in C«/« the 4th> where the 
Angle D ii 30" « ' then, « in (V* the fitft. 

As Sinetiftihe Angle D .^ 9o.i--*Co. ar^a^oaSi 
To Side oppotfite £ F -— 400— ^.6^^^^ 
So Sine of the Angle F — 3d 52 -^. 9.77472^ 



•*p»»i*«-t— *^ 



ToSideoppofite ED required 500^ — 2.^9877 

. CjiSE VL 

r 

q;<)ii,eeSidea giirea to find an Angle. 

Ghren;^ The wd e F £ 410 > ^j ^ 
.TheSide£Dyoo3 8« ^- 

. : c cow- 

»"•.*■■■' 



25- , plain Trigonometry. 



CONS\T R'UCTrOHi.r ; 



Plate I . Mate FH 770, the«f ftoflj^jB^ fame 
jRg. 1 7. Scale take in your Compaffes 420, and 
with one Foot in jF, make the Arch 
E 'j then with 500 in your* Camf)affes, and 
one Foot in D, crofs the Arch £ in i^ draw 
jj?£andD.iB,'.ftnd'*tiW6hfi.-.. /: - 

«. t » \ ' « "• 

\ The fiohitionrf this dcipcnds uAon the ♦fh 
Aximf.:^ fo0 be£doe ^urcwpnoceedto >t!he'0^. 
perition, the moft common ^ and eafy Way, 
you muft-^rA fi^ppof^-th^ oUa^e.Tj^iiaglS tdl^ 
h^ 4i^ided- tntso^ovo .right afiglott'Odfrs/. b}^%bd* 
Berptp<|iciilarirtc&ll-ffotn:.fitx^yr.;:aiid tojfincfe 
th e Segm e n ts F a^ and a D, the Rule by Mhm 

AstheBafe •— ,^ 770-Co. ar-7.n3 5i 
To the Sum of tHe'Side^ ^pao — a.9^378 
So theDifiference of theSides 80 -— 1.90309 

To theDifferencc of theBafes 95 — i .^Sd 3 8 

' The Difi^teaxce p-is-9^^ til«n> ffotn the 
whole Bafe FD 7^0 ; hftlfi thc'H^dJainder, 
ija. F^ 337.5 is the Bafe of the right angled 
Triangle F a E^ in which to find the Angle F, 
iSiakingF£ Radius, Fa\'\\\ be 'the Sine Com- 
plement of the Angle E 3 therefore, 

As 
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K%FE ^*- ^*^ 420 Go. ar-7.57^7^ 

ToHaiiiii^' -f-— *— .- ..— lo.ooooo" 

SoisFa --.^ -.- 337.5 .^ 2,52827 
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ToS.Cof thcAogle?. ^ 

ThKc Sides of any ti^i Hn'd Triaiigje, in 
one Sum given* and tbc Ai^gles- alio eiyen. ta 
lay it dowil, aod find the Sides feveraUy. 

rSum ef tjbe Sides So 

<jfhrtxk2 7 55 P .^te find a Side, 

)The Att^es>4»(J^. of 

« 

Draw a h- So. Make the Apgle h Plate t> 
a c equal ta half one .of the given ivg, i8. 
Angles $ abS fu'^moret. half of 55.O9 
liitk 27.3o> and ox^w- ^ic, ^th^n nubke tii^e Aq^ 
glj& ^'^c harlf 4^ o^ i^b. ,a3>a, and .draw ^r tq 
xut <»>c in f, fr©m the Middle of the \Aws<tc 
aiid r i I dpa«^ the Perp^mdiculues h\d ^nd e ^» 
and.Where they't:uftthe Im^^a ^>* a$ iia W and ^» 
fBfidce Maries, to .-which- draw the Lines ^ ^/and 
c r, then f ^ ^ is the Triangle required. 

Then in the Tri^Ogle a ch you ha^^rgrveil 
the Angle a c 6 129 30 (the Angle a c d being 
half the Angle c de EucL Lib, i. Prof. 32. and 
^ c fc is half c e dhy thefame^) and there is al fo 
given 'tKe Side a fcSo, and the Angle ^ 23:0 to 
•find the Side 4 r, which being found, you have 

C % . given 
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given in the Triangle acd the Angle e da 
X 2 5 Oy it being the Complement of r ^ ^ to i8a, 
BncLUh.i. Prof.i^. and the Side oppofite <s 
cy and the Angle i* a^ 27 30 to find its oppo- 
fite 5ide r Jy and when that is found, you 
have in the Triangle .</ r f, one Side, and all 
the Angles to find the other Sides feverally. 

In the right angled Triangle ab Cy there is 
give«i ah ^6y and h c zTiA<a inrone Sum azo^ 
to find the Sides and An^es feverally. 

Draw tf a ^6i and perpendicular 
Plate I. thereto at {*, draw bd iiOy and draw 
JFig. ip« a dy which biffefl in ^ and draw the 
Perpendicular e r, to cut b dincy and 
draw a r, then isab c the Triangle required. 
Then for Calculation in the Triangle ab d^ 
you. have given h d 220, and a b 95, to find 
the Angle at d^ which is equal to the Angle c a 
e ( becaufe their oppofite Sides are equal. ) 
Likewife the Angle da b is the Complement 
of a db to 90 i then from the Angle dab fub<- 
trad the Angle ta c^ there remains the An* 
^ecaby whofe Campleinent is the Angle a 
t b^ then in the faid Triangle a bc^ there is 

Sifen the Bafi; a by and the Angles a and by to 
nd the Hipotenufe by Cafe 2. or the Perpea* 
dicular by Cafe }. but I fhall leave the Opcrati* 
on to the Learner's Practice. 
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CHAP. H. 



SECT. I. 

Of the Projection of the Sphere, 




H E R E arc fe veral Ways^ of Pro- 
jcfting the Sphere, viz. Stereogra- 
phick, Orthographick) and Gno- 
monical. I /Hall only fpeak of 
the Stereograph ick at tnis time, as 
being moft ufeful in Trigonometrical Operati- 
ons, and /hall refer the other to their proper 
Places afterwards. 

Stereographick Projection* of the Sphere, is 
the Projeftion of the Sphere or'Globe, upoir a 
Plain, paffing through the Center thtrreof; 
the Eye being fuppofed to be placed upoA the 
Superficies or Sarnce of the Globe^ perpen- 
dicular to the Center ofthe faid Plain, or in 
the Pole of that great Qrcle, upon which 

Cj 
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the Projeftion is to be made, and on that Side- 
of the Sphere oppofitc to the Side to 6c 
projefted $ this rrojeSiof thus ixi»de» ffiall 
truly reprefent all the Appearances of thiit 
half of the Sphere, oppofii^to that,in\!{^hofe 
Pole the Eye is placcaj as may he illuftra- 
ted by the following Similitude. 

, Suppofe a Sphere or Globe were made of 
Glafs, or any tranfparent Metatl, on which 
were delcrib^ all the Pbirtts and Circles of 
the Sphere ( as Zenith y Nadir^ Ecjuator^ Edl^* 
ticl(jy pco.j in black Lines that might be dif- 
cerned through the Globe y mnd admit there 
were a Glafs rlain paffing through the Cen- 
ter of the Globe, cutting it in two equal Parts 
in that great Circle, upon whofe- ftain the 
Projeftion is to be made; as for Inftance,, 
fuppofc I were to projcfl: the Weftern Hemi* 
fphere upon the Plain of the Mci;id^,4»»i*^ 
a tranfparent Globcy prepare4 -^ ib^re di^- 
fcribed, and the tranfparent Flam to pais 
through the Center of the Sphere, i and cut it 
in two Parts in the Meridian (the great Circle 
upon which the ProjeSion is to be made) if 
the Eye be fuppofcd to be placed in the Eaft 
Point of the Horizon, upon the Surface of 
.the Sphere; and obfervc, where the Meridi- 
ans, Azimuths^ e^r. on the Weft Side, of the 
Sphere cues the Plain paffing thrpugt the 
Middle of the Sphere: Thefe Circles upon 
that Plain /hall truly reprefetrt the Projefltion 
of the Weftern Hemisphere upon the Plain of 
the Meridian; for the. Projeftipn of the 
Sphere, of what kind foever^ is no more but 

the 
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the Reprefcntation of thofe. Circles and Points 
uponarWn; trmdi are imagined to be defcri- 
bed in th^va^feert, orttp6n''tl)e Celettial or 

The imirfnairjr Points^, We i. Tb^ North 

and South Toles of theWoriH* or of the Equa« 

tor. 2. The Poles t>f -the Ecliptick. 3. The 

Equinoftial Points Jries and Liira^ where the 

^Ecli^trck tu^ts.fhe tqmtdi!. ^\. The Zenith 

''ilid NkriSr.' '^ -^"^- . ' i^ - , . 

4et'pr^l4fl^f<5iit:les.^ The'-greater <3irdes are 

*^d!e-tfcardfridfe-tW S^h^ itfelf In two e- 
qtiar^arlsj as-'i. The Horizon which divides 
mtP^rtorf f he Sphere vifibk tous^ from that 

' Rtt thrft is mvifiWe. 1 . Th6 Meridian, which 
divides fhfe 'ISaW hall^ from the Weft. 5-. The 

"E^uatofrwhicH ^divides the North tialf from 
^haSotith.^ >4i T?hd tectipticfe, ■ 5. The Prime 
V^rlffd!^ ^c. of aU' %hich iee a AiOM pirti- 

'*eu^atifBeft:rij)tioh ' lifter watds. ' 

The leffer Qrcles divide the Sphere in two 

'liit^titrai Parts, as flie Almicanthar or Parallels 
bf AhittrdtraiidaUb the Parallels of Declina- 
tiqn, fo palled,, becaiife they Are- Parallel to 
the ^ipiiiffdty c^., - ' - 

^ .The S^efc maV he'fiterifogti^lvicftlly iprojc* 
ftefl upon. jthCy Plain of any great Circle f I 

^iWfor titeXeaVheifVlnSJrmation,- inftanccd 
in fiVe Varieties, having projeSed the Sphere. 
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'Meridian, Fig. i< 
Horizotiy Fig. u 
Upon the Plain ^Equator, Fig« 3.C p/^n^ «, 
€>f the )HE^clipiicli9 Fig. 4. , 

Prime Vertical, 
Fig. 5. 

Upon the Plain of whatfoever great Clrele 
the Sphere be projeftcd, all the Circles in the 
Sphere will be Circles in the Plain of the 
FrojeSion, and if continued to perfed Cifclet» 
will anfwer all the Reprefentations* and Con- 
ditions of Meafuringy CT'r. without the pri- 
miti-ve Circle,, as well as wkhin it f and alfb 
. the Angles made by the InterfefUon of two 
great Circles on the. S|urface of the Sphere, 
are equal to the Angles made by their Hcpre* 
ientatives on the Puinof the Proje<SUon^ 

In any Projedion, that Circle upon who^ 
Plain the Sphere is projedlcd, is called the 
primitive Circle^ and is always a perfedl Cir* 
cle defcribed about the whole Proje£Uon, as 
the Circle Z^NO, Fig. i. or the Circle NJT 
SMy Fig. i. C^c. in Plate 2. ^ « 

All the reft of the great Circles in any Pro- 
jeflion, are either right Circles, or. oblique 
Circles. . ^ .-^ '.\'^ -' r. f r-^ 

A right Circle appears to the Eye to be,^ 
right Line, cutting the primitive Circle at of- 
poiite Points, and pafling through the Center 
thereof, thereby dividing the Superficies of it 
in two equal Parts, ^ in jBjr. 1. the Lines PaS 
and M a fijind EaC zrc right Circles. 
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Ao oblique Circle cots the Primitire in op- 

gfite Points, but does not pafi through the 
nter of it^ as in Bg. i. the Circles P (S> ^ 
and Z ® N^ are oblique Circles. • 

A Parallel, or lefler Circle, neither cuts the 
Frimitive at oppofite Points, nor ( except acci- 
dentally) pafie» through its Center, as the 
Circle i © ^, F$g. i. is a lcfli?r Circle, viz. a 
Parallel of Altitude, or an Almicanthai-. ' 



S E C T. II. 

« 

Jhio to ptDJeil and weafure anj of 
the aforefaid Circks StereograpbkaUyy 
which 7nay properly be caBed Spheri- 
cal Geometry. 

PROBLEM I. 

Haw to jind the pole of any great Circle. 

Note^ Tp H E Pole of a great Circle h a Point 
X every Way 90 Degrees diflant from 
its Periphery ,for every great Circle contains ^60 
Degrees, and if two jjreat Circles cut each other 
at right Angles, ( wt. one Perpendrcular to the 
other) there will be 180 Degrees of one Circle 
on «ach Side of the other, and the half of that, 
vi^ 90 Degrees number'd either Way from the 

C 5 Periphcnt 
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Periphery of jay great Circle, fiiwls its Pole ; 
thm the Zenith apd N^dir »^ the Folea of the 
Horizon, and the f (jles of tlie WorU ate the 
fl^ti of the Equator, «'<'.' 

C A i E \. . 

TofiodtbePo'«<'*"*^cPiimm?eCkd«. < 
Find its Center, an^ that is its Pole re- 
quired, 

C A S E \\, 

To find the Pole-of a right Grcle, fuppofc 
of the right Circle M^Q^ 

Croli tbc Diameter ^^g^at right Angles, . 

»/>**, "^'f* *^^ DiaOKter p a S, the two 

'"""*• Points P and >J at a QuadrantV Di- 

'^' fiance from ^ind fi^are the Poles of 

■ the Right Grcle» M a jQ^requirod. . 

CASE iir. 

! To find the Pole of an oblique Circle, fup- 
pofe of the Cirdc Z © ^f. ■ 

Hau, The Pole of an oblique Circle is al- 
ways in that Diameter that pafles through it» 
Center,, and cuts it in riie Middle at right 
Anelesi Thus the Pole of the oblique Circle 
Z ® N is in the piametn HaO, and is foued' 
thus. 

Through a the Center of the pilmitivc, aod" 

O the Center of the oblique Circle, ( vhiiCh in 

this dfc falls without the prinoitiYe J draw 

the- 
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the Diameter p <>p i l^y a ^R^ler from Z to R^ 
and it cuts tlic priioiitive in fe 5 Irom h fet off po 
JDegreef to £; ^nd tk^^ a R^lcf hid from K to 
^jciitjp the Diameter -y.tf D in L j the Polexrf* 
th<j Circle J? © JV yequir^d, and ,( fig. %,) the 
P<4evf^ the, oblique QifjAe^'a qe^ i% m the 

«l.^i..l.lj .J*J= ^. ^ I. ■'■1 •-.«., ■%• . . »'. 

P R O B LE M n. 

I To find thV G?»iii»r ^f^ny ghlnUhtique Grcle^ 
y it he. V^* wW. j^f9gU it, mai^s iolth the 
prmhive. (Plate 2. Fig. i. J 

To find the Center ot the oblique Circle 
;S R^^^fTlRhi^h p^jk^^.af); AiigJ|6^wikk.,th« Tpri- 

roitiveCifcl^ftt-.;S-(5^f^.5W>°.QV-::r/) j-:« 1-, r ../ 



* r -~ ' ^,::/ ni /'■ ; ■ . •< 



:, .Witbif|ie;;T^ngeiW;,of thg g^ven Angle* and 

,OTe Fo^ m ^,;isthe QcRt^t 9f the prjnaiti?^, 

the other Foot extended Along th^ Pi^ettfr 

// ^ O, ( continued if need he ) will reach to 

the Point 0, the* Center required. 



;... 
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i>;. 1,. fr:«*.ii.ir£ 2'\Yr, n. 
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i«te«E??.infJJf JK;, ftt &^i^ Ki-tdljK^-a-RiJef laid 
.ifotg 2<^t9 2Kn:fiut^ th^^^m^tei^//4;Q in ^,- the 
GeWPr reqiiired. 

C ^^^ VAKIETT 
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> 

P^ARIETY HI. / ' 

Or it may be found witliotit baring tbc Dia- 
meter H a O, thus — ^ with the Secant of the 
giTep Angle at the prinritivc, and one F^ot^A 
N, fweep the finall Atehi>, with the fartc Efs^ 
tent 5 and one Foot in Z, cr6& the faid Atch 
in a, that CrofiSne is the Center required. 

PROBLEM III. 

X« foje9 <(»y gf'ot* ^M^*' (Flate'a. Fig. i\} 

I 

* • 

€ A S E h 

i . r - 'IT 

t . . ' 

To projeft any given Angle ( ftppftfc of 23 
30 ) at the Center of the |^iHiitive;r - \^ - \ 

Having drawn the primitive, and croffcd it 
at right Angles, with tbc Diameters P aS^ and 
MAQ^^itt the Chord of the given Angle tj 5a, 
ftom ^to£, and* through £ and n, draw the 
Diameter £ « C, then (hall uffi ^i £, 0r B 4 ®>. 
be the Angle required. 

.'.■■..• 

CASE II: 

To make any giVen An||le at the Periphery 
of the primitive, ^s fuppofe I would make at 
the Point Z an Angle with the primitive of 

50® o'. ' 

Find the Cemer a hj Pr^h. %. rdnny 2. 
or 3, then with one Foot in 0, and' thebther 
in loriffdraw the Circle Z © N, and 'tis 

done $, 



dbae $ and the iilfigle HZJL is the Angle r€* 
quired 

To make an oblique Circle; tcribake at tlilb 
primitive any fiyen Angle with ani»thcr oblique 
Circle. 

Haying given tl^e Circle JV^f Ei making an 
Jbigle with -the primifiye * fs' ^o* * *" m 
required to draiw another ^blidtfeCir«- Plate >i. 
de, to make a t W^ an Angle of ij yo, ^ig. a. 
with . the oblique Circlib ^ f £. 

Lay a Ruler from W^to p it fflall ctot the pri* 
mitive in 1 5 then fet.otf the Chord of the given 
An^e 2 ^ 30^, from htaat A Ruler laid^ftom 
a to W'^ pits the piameter N S |n, C» then from - 
JE tlktmA C to IV'y draw aft oHiquc Circle, 
and *ti^^done; ''' 

Thus you may mate any Angle, . though yoit 

d!b not know w'hat Angle the given Circle ^^ £ 

makes with the primitive $ but if it be known 

whatAtogIc the giveii obliqiie Circle makes 

with' the primitive, you may £fkSt tilie Center 

of the require Jbblique Circle by prob. z. Vav. j. 

A% hetc tli^r Circle frjf £ is fuppbfed to make 

ah Attjgle of 3'5 2ty, with the primitive at VT^ 

and the Chrcle required' to.be dfawn h to make 

at^an Angle of 23 3a, which addird to 35 10, 

tlie Sum is 58 5O9 the. Angle which the Circle 

Wt E i« to msflce with the rrimitive ; therefore 

with the Recant of 58' 50, and one Foot in 1^, 

aiid £,^ fiiid the Center by pMJi. Var. 3. which 

fiills\r^thoiit. ' 
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T6 projeft any givrt Anigle within the PcrT- 
phery J but nat z,t the Center* 



I '^ ■"-» ••i' ' • ' t , • .•••1 T 
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To di;i^!'i(n oU»auje;.pI^le <ti\rqittBr, aMjT ' 

' the fiyd Right Cifci^ ai>y,£iy<n Apgle. i , !- 
It is required tp',c[ra.w;^a obligi^ .Cif'qte 
tbrougK the Poiat ®;.in"the ^ijght 

(f&r«.-,. . CJBcle. A.te; ^o "W .ii,-^'?8%A' 

Cafe %. which here are the Points ,^ aift^^.^ ^ nt 
Lty.a ^cal^;from g to GV-it, .cjjtj^ t^e. pijnii- 
in IT, . the ^Arch (!l K mo^iufed 'on the fCbprde, 
i$20 ivthefefora take thcTaii^geptor^i^iat, 

. f, ^a-nd draw. If » nerpe;iaihilax.to JQ.;?, Jo ^s 
f « oonjinuefl ,a bine, u^ ^yiqichj tp^ V?^^^'* 9*^ ' 

- a;U ohl^flifp ■ Qiixles fall thVt paft^OifpiiglK^^X? 
romt (^ — jr!'^'v*.^*^ y^?h the Chor^ of .{Joji ^d 

'one. Foot in ®, ^taribe-'tKe htchra $i ugon 
which from ^ Tei off the CHprdof the Conaple- . 

. metu pf the- 4n|[ler^Qjurc^ -which. i$ 4^9. rbe- 

; cii* the requirf^]An|ilp.if ,jo,^^^^ 

, Ui^:trom;®i9fc,.,cuts^^^^ |^ri>5n4iflul^;j^« Jin - 

. 5f;,, then upon,x ^s. a/q,^nter';wiff^ f<;hp D^knce 
:v©i<fraw the oblique Circle 4S@-:i^:ana,'^^^^ 
done 5- and the Angle*^© is the'Angle 5000 

^ ttciuircd^ rARlETY 
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Hhtwgh zaj ^ giT^n Foiojfc in an oW^ue , 
Circle^ to dj4W aoother JokHi^fkt Circle^ tt 
nuke with the JP^oa,er.a&sr {^v«n Aaghi P/^f^ 
I. Ftg. 4. . '. 

Throagh the Fomt ®, in tlie^obli^^iie Cir- 
cle S (S>'t-i it is required to ^^a^ jEiMth^r ob- 
lique Circle^ to make an Angle of 2.f ip, with 
the faid given Circle. 

Through tife Ppiirt <J>li4^tIiifc Center f, draw 
the Right Circle Q^q R, , then meafure the 
Angle 2j® »Si hj Prob. 10. n^ Spherical Ge^me» - 
try^ which will be found to be yb 00 5 to which 
add the Angle required to be made 27i9r the 
'Sum 77 i<) .16 the Angle €hat ^he' oblique Cir^ 
cle 14 to mak^ with the aforeTaitf Ritghi:! Cir^e 
gji K, and is projefted a> in the Id&Vari^y^ its 
CAtrffodng thereby ibund to be ih the Point 
tf znAy:@t, is the Ciftle i^e^red-^^ 

Nor^ If the Nature of the i^eftion fed re- 
miircd the. Circle to be projofled to lye oearer 
^thc Right Circle* thim the gi^tA oblrque Cir- 
-clei.yott niufll>hd.ve fubftraaed the Aogle ft*- 
quired. to be ft^de itqm the ^ngle^ that the 
given oblique Ciicc^ .naakes wrth the. Right 
Cirde f. theRehiainder^^i the Angl^ that the 
retqfaii^ed oUiqueCirde is to make with the 
Right Ciftcle- 

E K A MP £ E:- ' ^ 

It is required through the Point ©, in the , 
oblique Circle j? © t, to draw another oblique 
Circle, to make with the former an Angle of 

Havinf 
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Haying dfawn the Right Circle QjO ^r 
through the Point 0, and meafuring the Angle 
f(S>ili ^ ^*^^ ^^ fcrind to be 77 193 from 
which fubftfa£l the Angle required to be made; 
vitr 7/f i9f the Remainder 50 00 is the An^le* 
that the Circle to be proje£led is to make with 
the Ri^ht Cictle^ and may be perform'd by the 
feregoing Rules;: 

* 

PROBLEM IV. 

T^Jraw a great Ckctt throng any giveft Point 
tor makfi with the frimhive any given Mgle. 

Through the Point », to deicribe 
P/tfT/ a» a^Ciircle, - to* make with- the primitive 
i%*a. an Angle of ' f f £0« 

With the Tangent of 3 5 ao, and one Foot 
in the Center jr, ddfcribe the Arch % ^ then with 
the Secant of 9 5 20 ^ and one Foot in the 
given Point n^ crofs the faid Arch at x, that 
Croffio^ 18' the Center of the Circle required*^ 
then with the Diftaffce x », draw the Circle 
w >f e^ it makes at Wr the Ai^e 3 5 ao, with 
the primitive, as wasTequired. 

liote^ When you fweep with the Tanffcnt of 
the given AAgle, and one Foot in the Center, 
you may carry the Sweep rounds and then it 
'will be eaiier to find w^ere the Secant cuts it. 
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P RO B L E M V. 

♦ » 

Through any two Points^ ( <«^ © ttnd Z} to draw 
^ great Circle. 

Throiigh. either Point, at^fuppofe tEiePomt 
® » And the Center of the primitiye^ 
draw the Diameter j2j® ^ K contiiiuedy Plate i. 
and crois it at Right Angles, with the JFig. 5, 
Diameter hag.. 

from the Point draw a Line to the Ex- 
tremity of the (econd Diameter^ as the Line 

At the End of that Line,, 'cix. at g ercS the 
Perpendicular gy^ to cut tke Diameter QR jn^, 
. thea through the Pcfints^ 3^ and 0y.drawa great 
Circley and 'tia done; 

Oj^ because there wrtl always be 180 of the 
half Tangent9» between y and having drawn 
the Diameters jT Ay and gj^ continued, produce 
^ to £, lay a Ruler from h to a^ it will cut the 
primitive in c ^ then a Ruler laid from g to, r, 
cuts i^.in y^ the third Point through whicb 
ihe propofed Circle i$ to pafs. 

Or meafure a ® from thie B^innfng of tHe 
half Tangents, which jbeing found, fubftraA 
it from 18^0 ^' the Remainder taken' ftom the 
half Taifgents wilt reach from a toy^ the thiid 
Point required, and the Points jfx; is brought 
into an Arch of -a CiKley by- the (eventh Geo- 
tric^l Piroblem. 

PR a- 
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To dra'i^ 4X griAt Circle perpendicular to a.^ven 
gnat tircte. • ^. .. ^^.. ., 

note. Any great Circle, whether Right or 
"-ObKqwf, drawn tbrcmgh the Poiefe cf itidther 
great C\^<^^^ « always perpendic«lat* t# that 
great CirckjAfo^sH wbofe.Pok* it^ ArkWtt." 

r CASK . !• * . ^1 

- To '^raw St great tirtte p^Vpetidlcttl* to tWe 

primitive. ^ 

• Draw a Diatnetet^tHrbuiK the Center of the 
, primitive, and ni^ done 5 thtrs Z* N" 

^^f ^' ^ *• and « are-f erjendiculaf ta th^ f^ri-- 



mitive. . , 



..'* 






To draw a Iti&ht Circle p^rJendicuFar to a^ 
Right Circle givea;. , . 

fi is oiily to croft 5^e giy^n Riaht; Circle at 
Right A^^leff jwith. anotKer R\ght Circle^ ;and 
then t.bc Extreinitji^s of thJerOtie ,are the ^*oles of 
the othei-j tTius the )^JigKtC^^c^l/ isyjr- 
pendicttlar to^ the Right Gifcle.^^ Nt: , ♦ . 

I 

To draw an oblique Circle perpendicular to 

a ORkhiuCircle*: 

^ Find 
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Find the Poles of the given Right Gifclej by 
prob^ 1, Cafe a, then through, t^efe two roles 
dx9,W an obh^aie Circle, and 'tisdone ^ ^-^ thus 
the ol^liqur •Circle Z A n is perpendicular to 
th^ Right Circle J/ 4 Q,. hccaufc .^cutting its* 
Pole«3i^ftnd».^ , - 

C A S E' \Y, 

To draw an oblique Circle perpendicular to 
a giy^trUique Givcle j lappoic t«^ thr o.bHque^ 
Cifdc vy£ji Fwd the Pole, r hy^jtoLt. and 
through r draw the oblique Cirqle n^^^ox, i;t is 
the Giycle-ifeifuh^. \p{aud..Fig..2. 

.Nate^ If th^ Point be.gi^fij draw an oblique 
Circle/through the Points and r, vby.Pr«fc. > 
Or if theAnglf with the primitive be.givep», 
draw the Circk through the gifv<6ii Point >, bf 






PROBI^iEM .VB^ '. 

To'projeB a faratlel' Circle^ 

In this Prabkm are three VarfeUes. 

__ ' ' ' ' ' . • ' 

L To Ja.y down a Parallel to the primitive 
Circle, fuppofe ao^ la/diftant from it». qr' 
<^9^^ 48' from itSjPple, with the half . ^^ ^^ 
Tangent of 6^ 48 its Piftance from ^ 
the Pole of the priroitive^and one ^'^' 
Foot in the faid Pole at 0, fweep the Circle 
® viTr. it is the Parallel required. 

IL To 
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IL To lay down a Patallcl to a Right Circle 

at zo 12 Diftaoce from it ^ fet lo 12 

Pfate 2. of the Chords from g to my and from 

jfig. 5; A too 5 then withtKeTangenrGom- 

vfcment of 20 12, vk. 69 48, and 

ene Foot m m» (or with the Secant of dp 48, 

and one Foot in a ) find the Point P, then with 

. the Extent P m , and one Fo6t in P, draw the 

Farallel nv » 0, it is the Parallel required* 

% 

nr. To draw a Circle paralletto the oblique 
Circles b Cf at 40 B2 Diftance from it, or 4'9 
48" from Its Pole. 

Find thePoler of the oblique Girde, by Prot. t. 
( which will alfo be the Pole of the 
■ Pldre 2. Parallel ) which here !&• at J^ (ctoff 
^S' ?• the half Tangent of 49 48, ftom dto 
randx, the Diftance r /« bifle3ed in 
it gives the Center of the Parallel, and with 
the Diftance e r, or f /, defcribe the Circle r s f». 
it is the Paralfel required: 

Or becaufe the half Tangents are projefted,. 
by laying a Ruler from a to the equal Divifions^ 
ot the Semi-circle 4 » c , and where thefe cut 
the Diameter, 1 n contmued' are the half Tan- 
gents ; therefore fetting 49 48 of the Chords 
fit>m K, ( the Point where a Ruler- hid from a 
over the Pole ^, cuts the- primftive ) both 
Ways to m and t, a Ruler laid from « to iff, and 
X cutStthe Diameter / « in r and j, which bi& 
frfted in e^ finds the Center required; 

PR 0. 
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PROBLEM VIII. 

To meafure an Arch of a Grcte» 

General Rule. 

In all great Circles, whether right or oblique« 
{for the primitive Mea(iirc6 on the Chords with* 
out farther Application) a Ruler laid from the 
Poles of the Circle, to be meafured, over the 
Extremities of the Arch to be meafured, and 
Marks' made where the Ruler fo laid, cuts the 
primitive, the Diftance between thofe Marks 
me^fared on the Chords, gives the Quantity of 
the Arch required. 

EXAMPLE. 

I. it is required to meaiure the Acch Px of 
the primitive Circle c o » H. 

Taice the Extent i P in your Com- 
pafles, and apply it to the Line of Plate t^ 
Chords, it gives 35 ao, the Quantity Jfig. i« 
of the Arch required. 

a. To meafure the Arch 4 L of the Right 

From £ the Pole of the Right Circle Ha a^ 

« lay a Scale over L, it will cut the primitive in 

K 5 the Arch of the primitive n K meafnred 

upon the Chordst is $0^ the Ai^ ^ L xt- 

quired. 

i5- To 



^ 



4f^ ^berk4 Geometry* ^ 

3. To meafure the Arch of an'obliquc Circle* 
It is required to oie^fmJe the Af^h iy n of the 

oblique Circle wqE^ 

Find the Pole r by Prob. i. then from r lay i 
^ a Ruler over », it will cut the primi- 

p^atej,. tive in tf, the ArcK f tr mcafured upon \ 

^'^* ^- the Chords, is (^4^ o^ the Qijantity . 

cff the A^h qn required.. ! 

I 

! 

P R O B LE M IX. 

Tofet ^ any Numh^r ,9f Ikgretf ,ufQn a ^V6fi 
Cmh jr^m a given P4imt* i 

i 
This is only the Reverie of Proh.%. for lay^. J 
ing a Ruler from the Pole of the given Circier I 
*over the given Point make a Mark, where it 
cuts the primitive,- fet the Chord of the given 
Number of Degrees from that Mark upon the j 
f «imitivie» jtod^6mr']bhe Sbeti^efciey of that Bx- i 
tent to the Pole of the\givcnCircle, lay a Rulec, 
and where that- ciiits the givf a Citde, dcter- 
an!iii6S.the JSegfce required* 

.EXAMPLE.' 

•■ » - • ■ 

It is required to fet off 6^ Degreeir ftom f ■ 
'toward^, updri the obMque Circle ^ ^ E. 

From the Poler, lay a Ruler o^*er 5^, it cuts* • 
Plate 2 ^^^ primifive in j, from s fet ^ ^4 
Ft 1 ' ^^ ^^^ Chords t4 a^ a Ruler laid from' 

^' * the Poler to ^, cuts the obliqu-e Cir- 
cle «? jE'inny the Arch qnis 64. Degrees, the 
^aiftity required to be kt off from q. 

^ By 
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. By the faaieJVIetho4 of Ijiyirig a Rj^lcr from 
the role to t^e primitiVe^J ^bii^nay fet <rff any 
Numb^f'bf I>fegrets'iq)ofea^Rig!rt'Crrc^^^ as in 
Figril Kt wduM ftt.o^'^c/ Dtgrrt» fto'm a^' 
upon ;he Right* CJrcffe;//^Yt a 5 rf ypir lay 51 Ruler^ 
ftom 2L over oi it cuts the iprrmitive inr ir, fet 
the Chord of 50 fron\ n to jC, a^I^uler laid from 
x'to. K, cuts Hdo in L 5 t^cn is aL 50 Deg^^ea 
ol the'ftighf Cirtle required, or' it tiay be fet 
cff by the Scale of half Tangents* - - 

Tnc4>rimifive is always mcafured. upoathe 
Chords. ' • ; • ♦•— • - 1 . .. . 

- PROBLEM 3C. 

Xo meagre -a. Sjlh(trk<il An^K\ 

• '. ^'^ ' -' ^ , CenetU^ivfe^- - ' /--^ ^^'• 

An 'Ar5;ll-.of ?- titjA^ ^flSiig b*ltwsi<ii tic ^two. 
Sia^s^,contamitTg'i3fe Angler W^d- it a Q^' 
dratt'i'JDifEincc frorh It, ( <* whidi ^co^c^ 
qucntly the Angular P^ihftnuft bt the P^k)- 
meafured by Proh. 8. is ttie Meafure of the An-;' 
file required. — -— Or , .. ., \ ^ 

TBb Dfftiiic^ betWceii^the Pbles itflbc Ci^ 
cle^; itn^Tftding the Anglf, is th# QSttntft^ -of 
t^6 Arigfe reqJifed 5' ancf ^ ^.efe- 0^nerai RhjIo* 
h6lff,.ttuf W kU GifejS^; .^Mct^erPrit^titet' 
dird^.;Rigjit,.brObKauel^ • ' ^ 

In this Prtihlem ate four Varhues,, Plate ^. 

T. -K Right Circle with the primi- 
tive makes alwayi Right AiigW, 'as- iC^m aO* 
Hq^ WJth the primitive iJf» 0. 

4- ■ * II. A 
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IL A Right Circle with a Right Circle, and 
here .becauie the tholes of all Right Circles are 
in the primitiTe, the Diftance between their 
Coles, is only meafured thereon. 

I defire to know the (^antity of the Angle 
PW^ -^ * ^- The Pole of jX QJs P, and 
F 1.** ^^^ '^^^ ^^ ^^ '* 1, and :t P mcafu- 
'^' red on the Chords is 3i aQ» the An- 

gle JE 4 H re quired. 

III. AHight Circle with an oblique Circle^, 
asfttppofe it is required to know what Angle 
the Right Circle N S makes with the oblique 
Circle Zr m. 

Find the Pole of th^ Right Circled, and of 
the oblique Circle i» by Prpk u A Ruler laid 
p« from the Angle r» to the Pole of the 

^ *• : .oblique Circle /, will cut the primi- 
^^; *• tivc in /, and E being the Pile of the 
Ri^t, Circle^ the Arch /£meafitred on thfi 
Chords 50 oQ, is the Quantity of the A^glc r 
required. 

ly. An obliqv^ CiicLe with the primitire*. 
; The Angle fw X is requited to be meafured* 
, The Pote of the primitive is the Center jri. 
the Pole of. the pblique Circle w ^ £ is at r « 
o. ^ A Ruler laid from the Anmilar Point 
j^ vtoy^ cuts the primitive in Ef aad 

'^' ** from w to r» cuts it in J 5 the Arch 
J E meafured on the Chords is 3 5^20^ the Quan- . 
U$if :of the Angle i»s rejquired. 



/ < 
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V. An oblique Circle with an oblique Circle 3 
the Angle Z P is required. 

Find* their Poles L and x, by Prok. i, A 
.Ruler laid from (j) over L, and x cuts 
the primitive in j> and -oi-y the Arch ji to PUu 1. 
nneafured oq thcChorthi givc« the j^ig. i. 
Angle required. 

Nvtt, All theCeT'arietiis come under thefirA 
t^encral Ralci ; only we have given an Inflance 
in each, ta i^ake then mqre intcUigiblt. 



chak 
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CHAP. III. 

Of Sfherkd Trigonometry. 

-S E C T. I. 

. Definitions. 

Plate a. Fig. i, 

JlHE feverat Circles and Points gi- 
ven, or required, being projeflcd 
as before is taught} any three great. 
Circles interfcfting each other, the 
Arches comprehended between the 
threo Poinds of InterTcclion, do conlUtute * 
Spherical Triangle i and fuch Triangles, con- 
ftituted of A'ches, of *ny three great Circles 
of 
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xit the Sphere, arc the Subjeft of Praftical 
Spherical Trigonometry : As in Eg. i. the Cir* 
cfcs E ® ac^ and JE b a i^and P ® h S, do 
cut each other in the threeToints ah Q^ the 
three Arches a by t ©, and © a. makina up 
the Triangle dh^. ^ ^ 

Of Spherical Triangles, are three Sorts^ 
viz. Right-angled, Obfiquc-angled, and Qua- 
drantal. 

A Right-angled Triangle, hath one Angle 
90 Degrets-: As the Triangle a h "©, Right- 
sngled at fr, ftg. i. 

A Qaadtaittal Triangle, hath one Side 90. 
Degrees : As the Trrangle'a © i, % i. whofc 
Quadrantal Side is « %• 

An Oblique Triangle, hath no'Side^ ijor 
Angle 90 Degrees : %t the t'riat^gle Z /» ©. 

. Of aft Oblfqiie Triangle, fome of the Angles 
are a^ute, ind fonie obtufe. 

An Acute-angle, ft left th^ 90 Deerces; As 
Ae Angle ZP"®, B^.i. 

An Obtufe-angle, is more than po Degrees I 
As .the Angle. P Z ©, J/j. I . 

t^ JnTOTS, When t^o Letters are ei-* 
prefs'd, they flg^ify the' Side contained be*: 
tween lhen> $ but when three are cxprefi§'d, 
theyfignify the Angle at the middle-moft Let- 
ter : TThus the Angle P Z 5), iignifies the An* 
gle at Zj in the Triangle F Z ^^ a^^. 



. T^ . 
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S E C T. II. 



S O L U T I O N S< 



In Spherical Triangles olferve shep Soktl^H, , 

X. Tp HAT tlic Pcrpendicukr and Bafe of a. 
•'- Right-angled Spherical Triangle, are 
of the fame AflFcftions with their oppofite An- 
gles, 'oiz. More or Lefs than a <^adrant, as 
nieir oppofite Angles are. 

a.. If the Legs t^M confeqftently ^hc An* 
glcsj of a Right-angled Triangle, be , Jboth^ 
More,, or both Lefs than a Qu^diraii^ the Hi- 
pothenufe is lefs than aQuadrtotj hul; xf ^f 
different Affeftions, m. o^e More, and the 
other Lefs, the Hipothcnufc is more th^n 9, 
.Quadrant; 

9, Confcquently, if the ttipothVnufe be lefs 
than a Quadrant,^ the Lege are of the ikaie 
Afife^lion 5 if more, they ai,tc dtflerent. ' 

• 

4, If the Hipothcnufe be lefs than a Qua- 
drant, each Leg (hall be of the fame Affeflion 
with its adjacent Angle 9 bat if more» they are 
of differfent AffeSions. 

5, Conle« 
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5 ; Confe^uently if z Leg be of the fame Af- 
feflion with its adjacent Adgle; the Hipothe- 
nureisle&thaaaX^adran^, ^and the contrary. 

6. If you defcribe' a gncat Circle at 90 De- 
grees Diftance from any Angle^ the Arch of 
this Circle intercepted between the Legs of 
the Angle, is the Meafureof the Angle. 

yr The Poles of the three Sides of any Tri- 
angle, conftitutc another Triangle 5 &r' the 
three Angles of this Supplemental Triangle, 
arc made by the mutual InterfeSion of the 
Circles, of which the Sides are formed in the 
Triangle, whofe Sides are given that are ec^ual 
thereunto.^ ' 

NO T E, hi tftir Cafe yon ufe the Comple- 
ment of thegneateft Side, or the greateft An- 
gle> to a Semicircle. 

8. In an Oblique SpTierical Triangle, if the 
Angles at the. Bafe be both of the lame Affe« 
ftibn, the Perpendicular let fall from the Ver* 
tical Aiigle, falls within the Triangle 3 but if 
different, it fills without. 

> < 

• 9. When an Obliqxic Spherical Triangle i« 

to be divided into two Right-angled Ones, by 
"a Perpendicular, you muft let the Perpendi- 
cular fall from the End of a given Side, and 
0|^{ofitc to a given Angle. 

- D's ♦ '^' There 
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lo. There are twenty eight Cafes in Sphe-^ 
rical Triangles, :-»/«. Sixteen in Right- angfedt 
and Twielvc' in Oblique 5 all which may be 
folved by the AxioQis and Rules following. 



SECT. IIL 

Axioms and CoKctusiONs., 



^ X 10 M I 

'T^HE Sine of Middle-part, and Radius, ar« 
-■• reciprocally proportionable to the Tan- 
gents of the ExUeaiTrsTConjun9> atid tothc 
&ine-complement& of the Extreams-djsjundi; : 

That is, As Radius to Tangent of one 
Extream-conjunft-j fo the Tangent of the 
other Extream.conjuu3y to the Sine of the 
Middle-part. 

And as Radius to Sine«cpmplement of one 
Extreatn-disjunfl ^ fo the Sine- complement of 
the other Ext. Disj. to Sine of Middle-part. 

But if Middle-part be given, and one of the 
Extreams required, the Proportion may be in- 
verted to bring always the required Term into 
the laft Place thus : 

As Sine-complement of the given Extream* 
disjunfl, is to Radius ; fo is the Sine of Mid'^ 
die-part, to the Sine-complement of the Eis- 

treaov- 
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tream-disjuna required : And the like in 
£xtreams-conjun£i> as 'a little Prafiice will 
make plain. 

^ AXIOM IL 

In all Spherical Triangles, the Sines of thq 
Sides arc proportionable to the Sines of thcix 
oppofite Angles, and the contrary. 

Theie t^o Axmrns, wltli tlie Help o( the 
following Conclufions, or Rules, are iufficieitt 
/or folving all the twenty eight Cafes of Sphe- 
rical Triangles* 

1. As the Sine of the Bafe to Radius 5 fo 
the Tangent of the Perpendicular, to the Tan* 
gent of the Angle,. 9X the Ba(c of a Right* 
angled Triangjc^ ^ 

2. In all Right-angled Triangles, as the Sine 
of the Hspothenufe to Radius ^ fb is the Sine 
of the Perpei^diculary. to the Sine of the Angle 
at the Bafe. 

. Thc/e two Conclufions are thus demonftra- 
ted by Mr. Norwood ^ For the Firft, 
Let a J B ^e a, Spherical' Triangle, Pl^te 5. 
Right-angled at B 5 then had the Ftg. s. 
Sine of the Hipothenufe, <« B the Sine . 
of the Bafe, a Mis Radius, and M L the Tan- 
gent of the Angle at </, and B k. the Tangent 
ef the Perpendicular B d: Then 3 

D 4 As 
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As n S to a My fi} B kto ML hj Ench 
Lib. 6. Pff. 4- 

For the Second, n J is the Sine of the Hi- 
pothenufe^ and a. I is Radius, d c k the Sine 
of the Perpendicular ^ j!?9 andffl is the Sine 
of the Angle at a : Then ^ 

As a J to a ly fo J e to J H by EucL Lib. 
€. Prop. 4* 

3. The Sines of the Angles fabtended by 
the Perpendiculars^ arj; dire£lly proportional 
to the Sines of the Perpendiculars lubtending* 

4. If two Perpendiculars fubtend equal An- 
gles, the Sines of the Perpendiculars are di? 
redly proportional to the oinet of the Hipo* 
thenufcs. * , - . . 

r^ 5. The Co-fines of the Angles at the 
Bafe, are direfllT proportional to the Sines of 
the Vertical Angles. 

't^ ^' Th^ Co-fines of the Segments of 
thcBafe, are dircflly proportionable to the 
Confines of the Hipotfaenufes. 

r^ 7. The SiBcs of the Bafes, are recipro- 
cally proportional to the Tangents of the An- 
gles at the Safe* 

1^ ». 
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t^ %. The Tangents of the Sides, arc re- 
ciprocally proportional to the Co-iines of the 
Vertical Angles. 

p. The Tangents of the Bafes, arc propor* 
tianal to- the Tangents of the Verticjal Angks. 

10. Having letfall the'Perpendictilar, as be- 
fore, it will oe as the Sine of the Sum of the 
Htpothenufes, to the Sine of their Difiercnce ; 
ib'the Co.tangcnt of half the Sum of the Ver- 
tical Angles, to the Tangent of half their 
Difierence $ and fb the Co-tangent of half 
theit IXfierencr^ io tHcT^gent of "half tlieir 

f t; A* Tingent of hair thfe Sum of the 
Sides or Hipothenufesi to Tangent of half 
tfccir Difierencej To Tangent of half the Suih 
of the Angles at the Bafe, to Tangent of half 
their Difference. ■ ' 

jg^ ii. As Tangent of half the Safe, to- 
Tangent of half the Sum of the Sides 5 fo^ 
Tahgent of h^lf the Difltfei^cc of the Sides, 
to Tangent of Half the Difference of the Seg- 
ments of the Bafej which half Difference, ad- 
ded to the half Sum, give* the greater Bafe, 
and' fiibftrafted, gives the le0eh 

Thefc two Axioms, and twelve Conclufi- 
ons, I thought fit to infert for Variety : Ne- 
icrlhclcls^ ill the twenty eight Cafc« of Sphe- 

D 7 rical 
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rical Triangles may be folved by the two Axt- 
oms> and the .five Qooclufions marl^ thus 
|0^, vk. The 5i ^,.7, 8 and ia j for the fix- 
teen Cafes in Right-angled Triangles^ are fol- 
ved by the firft Axiom : The firft and fourth 
Cafi?s in Oblique, arc folved by the fccood 
Axiom: The Second, ^T^ird, Fifth,, iSixth,- 
Seventh, Eighth, Ninth and Tenth in Obli- 
que, are folved by Axionn the foft, with the 
Help of the CcxncluGons above-mentioa*d, viz. 
The 5, d, 7 and 8 5 provided you oblerve in 
y^ur iiril Operatipn, to . find, fuch a Fart, 
which when foun^ the other Fart of the 
Thing required, which is to be added to, or; 
fubftra6ked from tl^e firft Fart found^. cnay; 
come under one of the four Conclufions above-^ 
mentioned 3 and the eleventh Cafe where three 
Sides' are given, and the twelfth Cale. where 
the three Angles- ^re turned iato Sidie;s„ are; 
both folved by Conclufion the twelfth, and 
Axiom' tt^fit^, only in letting fall aFerpeiH, 
dicular, in this Cafe, ' it muft always fail Ixom: 
the jB^reateft Angle, upon the greatefi Side^ 
9^(6 the U&r Sides become Hipothonufes 
to two Right-angle'd Triangles, which being 
giytn, and the Bafrs found by Conclufion iz^. 
you have enough to find with Eafe any other 
Part of either Triangle j but for the Sake of 
thofc that have learned another Wa^y, and arc 
not willing to leave it, I /hall infcrt tbe fol- 
lowing Axiom, which we may call, 
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J XIO M III 

J 

As the Rcft-angle of the Sines of the Sides ^ 
cbntaining the Angle required, to the Square . 
of Radius^ fo is the Refl-angle of the Sines 
of half the Sum of the three Sides, and of the 
Difierence of the Side oppofite there-frotn, !to 
the Square of the Sine-complement of half the 
Angle fought. 

. From hence we may deduce this Rule for 
Operation. 

Add the three Sides together, and fromy 
their half Sum, fubftrafl the Side oppofite to , 
the Angle required. 

Then to the Complement Arithmetical of 
the Logarithm- fines, of the containing Sides,.. 
add the LfOgarithm*fines of that half Sum, and 
Remainder} half the Total of thefc four Lo- 
garithms is the 8ine-com]plement of half the 
Angle required. 

^ • * 

For the better rfnderftanding of my Lord 
'Nifpairs Uniterfal Proportion, laid down in 
the firft Axiom, you muft underftand, That 
in every Triangle there are fix Parts, viz. 
Three Sides and three Angles 5 but oniiting 
the Right-angle, there are but Five, 
i;it.. The three Sides, and the two Plate i^. 
Acdte- angles, of which the two Leg*, B^. 2. 
including the Right-angle, and the 
Gomflements of the Hipothenu{*e, and two 

J) 6 Acute^* 
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« " 

Acdte-anjglcs' $ are called the five Circular* 
parts, ot which there afe always Two gjive|i». 
to find a Third 3 and of thcfe Three» viu Two 

Sivent and One required ; One iralwayt Mrd« 
lepart, and the other X^o are eitW £x-^ 
trean)$-conjiinft, or Extreams-disjunA ^ for if 
the three rart/ lie tosetber, the Middle-moft 
is Middle-part, awl die other Two are Ex* 
tream$-conjun£l» 9a in the Figure anoex'dt 
Suppofe the Angles a and r, were given ta 
find the Hipothenufe a e^ than 4 r is Middle- 
parr» and the other two Parts» v'vu the Angle^^ 
M and r, are Extreams-conjanft 5 and by Axi«« 
om the firft, the Proportion ihould be as Ra- 
dius to Tangent^ of one £xtream-con)un£t 3 Co 
the Tangent of the other £xtream-con}un£lt < 
to the Sne of Middle-part t But becauTe int 
this Cafe, the Qseftioa faHi amongft tbtfe 
Parts that are noted by their Consplement^,^ 
you mufl inftead of Tangent, ufe Taugeafr* 
complement, and inflead of Sine, ufe Sine- 
complement (or in Cafe they had been Ex. 
treams-disjun£l, you mufl inftead of Sine-* 
complement, have ufed Sine) and then the 
Proportion is as Radius to ^ the Tangent-com- 
plement of the Angle at a^ one Extream* 
conjunftj fo the Tangent^complement of the 
Angle at r, the other Extream-conjund, to 
Sine-complement of « r the Middle^part. 

But if Middle*part be given, you mufl alter 
the Proportion ; lor the required Term mufl 
always pe the lafl in the Proportion : As fup** 
pofe the Angle at 4% a«d the Hipothenufe « c^ 
Were^given to find the Angle at r ^ here « r i» 

Mid^e^ 
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6l? 



Middle-part, as htfotc^ but becaufe it is an 
£xt(cam;^QDJMnd that is required, the Fro-^- 
portioin is as Tangenrt«compleineiit of a (the 
given Extresiii^oiiittnft) to Radius $ fo the 
Sjo^coQiplefiient of « r (the Middle-|part) to 
Tangent-comp. of r, the required Cxtream 
Conj; And thus ^los^eTer the three Piarts that 
enter the Queftion be difpes'd df» you may aU 
v^mys find fuch an Ooeto iM&e Middle part, as 
that the other Two wilt eithJer be both Ex-* 
tf€tM$^conpin3tf or £xtreamsHtl}s)utiA, vk. If 
the three Parts Ue together^ the Middle is 
Middle-^rt, and the other two Extream* 
conjunfls $ but if one lie remote, it is Middle- 
p»rt, and the oth^r Extream^^^juDthi, as in 
the fbUowing Table* - ^ 



r^ 



« 



a^ 



he 



\ 



Comp* s e 



f_L'„ 

f:\-rr: 



Comp* 4( e 



ri 



Comp. a 
I Comp. a 9 



P 



K<o,n.p.. >^ cL^.\ ,Yp\^ ' r 



s 



I COB^. a I 



Comp. a \ \^ \ * ^ 
CeiDp. e \ o \ i c 



>.»g\ ' 



«Wj 



Comp. m g\ 'I Comp. « 



Qyadrantal Triangles, are alfo wrought by 
the fame Liws of Right angled Triangles, al- 
lowing the C^adrantal-fide in one, to be the 
(ame as the Right-angle in the others and as 
in Right-angled Triangles, the Legs, orSid'es^ 
next the Right-angle, and the Complements of 

• the 



&tf spherical Trig^fiomet\f. 

the Hipotbenuft, tthd Acate-aiigles, are tUtb' 
fire Circular-parts } lo in Quadrantal THiin- 
gle, the Quadrantal-fide is umitcd, and the 
two Angles, adjacent to the Quadrantal-Side> 
and the Complf^meitts of the oHier two Sides, 
and o( the Angle oppofite to it, make the five 
Circular- parts I and come under the Rules of 
the Catholick Proportion : Of which fee an 
Example in Prab. a 4. of Aftronomy, peHbrmed 
by Ki^ht-anElcd Triangles ; and in Prci. 15. 
of Oblique ; But for the better UnderOimding 
hereof, Suppofc the Triangle » t c , to be a 
Quadrtntil Triangle, iw. The Slde^o 6 90 
Degreesi then is tfie Angle a, and the Angle by 
with Ceroplement of the Side a r,' 
and Complement of the Angle c, and PItae 3.' 
Complement of the Side * fc, the five fig. 1. 
Circular'patUj and f« in all others. 



SECT.. 
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SEC X IV. 

The Globical Projei^m of the Sphered 



THERE is alfo another Way fa find the 
Proporrioos for fblring the Bxtceti Cafea 
of Riaht-aoglcd Spherical Triangles, by the 
qr Globical, Projeclion of the Sphere: Of 
which talte this brief Account (Pta^e f-. 

With the, Cho^ of . 9P Dwrces^ aad €ttt' 
Foot of the Compafles any where, as inr Jl, 
dtaw the Circle 0HKd3^ then with the (amc 
Extent, and one Foot any where ih the Peri- 
phery of that Circle, asinO, draw the Circle 
AKFG^ fet the Chord of the Angle at A (as 
fttppofe %%. 30.) front to j2^ (although in 
this yau need .not be cxaftj for you may fipd 
the JProportiop as w6ll, if y«u miikc the Angle 
A at Heafure) then .with tbei Chord of 90,' 
and one Foot in g^ iwcep the Circld A 'E.INy 
and becaufc the Triangle is to be Right-angled 
at B, take the Chord of po, and fetting one 
Foot at fome convenient Diftance from A (as 
fuppofe at B) with the other Foot find the 
Point m, in the fame Circle vi E FN, upon 
which the Right-angle is to be, and upon wv 
as a. Center, defcribc the Circle U^C P GH, 
then is the Triangle A^ B C finilhed ^ then: 
with the fame Extent, ind one Footin Q 

draw 



64^' Sjfberiml Tugenmettfr- 

» 

dfavtrtfae Circle IKE^ and then is thePro* - 
jeftion -fitted for our intended Ufe, 

This beinsdbne^ o{»ferye thefe four Rules f^^ 
PSrft, What r«H8 of ypqr Triangle is given: - 
As fappofe the Hipotnenufe j4 C; and the An- 
gle at ji^ to find the Leg ^ !& ; I mark the 
Side A Ct and alfo the Angle at Ay with a 
Di^fli^tlftis ', and the Required-leg with this 
Mark ^^ then becaufe A C'n given, C R is at- 
fb givctoy being its Complement to 905 be- 
CMle A lLi% 90 of the Chords, and R S equal ^ 
to ^ C; is alfo given f all which mark for gi- 
ven^ as you fee, and you may proceed round ' 
the Cfccle if you will^ to midc S jF, FG^ G XJ^ » 
JJ'Li and LA:. ^ 

The Asi^e ^ 'being guren, "its Meafbre R t/, 
biding an Arch 90 Degrees difluit from ity^ is * 
alfo' given ^ '«nd R fiLi^'Conaplement, g^Oe-. 
qiwl to R D, and O K its Complement, ' e^r. 
which mark as before $ then becauf(5 ^ B is 
requiredy B D its Complement is alfo requi* - 
red, as: alfo A w its Comij^emenly siXidMN &- 
qual to A By and U T its Coi^lemenr 3 all 
which Mark required'i as in ^he Figure. ' 

• 

a» Thettobfrrve in which Manfion your Pro-- 
portion (alls, which is fure to be in that Part of 
the Projeftion of which the Triangle isthe Cor- 
ner, drawn here in double Lines,and bounded by 
the Letters ABdRSPO QJl. •^ A Manfion is » 
Right-angledvtrtangle»confifting of a Bafe» a Hf- 
pothenufet and two Ferpenditulars ^ as theDi- 
vifion^CR</fiorfiC)^R<4&x. And when Per- 

fons 
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fons are well skillM in this kind of Projeftion,. 
they may, infteadof the whole Projeaion^ only 
draw that Part which I have bounded with, 
double Lines j nor need you be careful to have 
all the Circles, or Parts therein eacafUy pi-o- 

fortjonablc 5 but may draw it with a Pen, at 
lealure, holding to the fame Form 5 only al- 
ways obferve to place the Triangle at the bot- 
tom Corner, as here you fee 5 and to find your 
Proportion, obferve in which Martfion yoU 
have three Tbin^jj given, and One required,, 
which is here in the Manfion Q^R' d B C^. 
Rightlangled at R and ^, the Side ;Q^ J being 
the Bafe, and QJ^ the Hipothcnufe, and C R 
and d B are Perpendiculars j and here youi 
have Q^K given, and alfo Q^d Radius, which 
is always given 5 and you have C K alfo given,, 
to find B D required, in which the Proportioxii\ 
ii ^s in Plain-triangl^Si XYft. A^ th« Short-bkfd - 
QEy to the Long-bafe QJy or Radius 5 fo the 
Short-perpendicular R C; to the Longperpea*- 
diculai? B d. ' 

3. But to Inow whether the Proportions Uc 
in Sines, or Tangents, or both, . you may ob« 
fcrve as in Plain*trigonometry, when the Bafe 
is made Radius, the Perpendicular is a Tan- 
gent 5 but when the Hipotheriufe is made Ra- 
dius, the Perpendicular is a Sine 5 fo hci'e^ 
when the Proportion lies in the Bafe and Per- 
pendiculars, the Long-bafe is Radius, and 
the Short-bafe a Sine, and the two Perpendi- 
culars are Tangents 5 but when the Proper-- 
fion lie& in the'Hipothenufe and Perpendicu- . 

hfrs, ^ 



Urs, t! 

Short-ji.f , - I — 

dicuUrs «c Sine*. 

Foarthly and Lsflly, To Enow- whether 
«ouT Proportion lies m Sines and Tangents, 
or in their CompIemcDts, obferTc wbelbcr the 
Pirts of the Miniton, where the Proportions 
lies, be the Parts of the Triangle given,, or re- 
quired, or the Complements of thofe Parti r 
As in this Cafe in the Manlion Qji b, the Pro- 
portion is as j2_ R to QJ ; 'Co R C to ti E, hj 
Rule the fecond i butby Rule the third, QJi 
is a Sine, Q^d is Radius, and R c and d B are 
Tangents ; and by Rule the fourth^ fi^f* " 'he 
Complement of the Angle at ^ (becaufe it is 
the Complement of d R the Meafure of it) 
and C R is the Complement of ^C, and £ dF 
is the Complcme;^! of^ E,. therefore the pro- 
portion is , 

As(gJ?-) the Sine- com.' of the Angle at ^,^ 

To (fi^j Radius} 

So (R C) the Tangcnt-compl 

To (S d) the Tangeixt-compl. ■ 

r fliall for the Learner's further Satisfaflion 
anfwer all the fixtcen Cafes of Right-angled 
Spherical Triangles, by this Method i and 
when- 1 cotne to the Application of them to 
Queftions in Afttonomy,, I (hall anfwer the 
Triangles by the Proportions found by Middle^ 

Sirts, and Extrcams-conjun^ and disjun^- 
latnothiog may.be omited that is neccflary, 
top. 



r the Angle at ^,"v 

mpl. of^C, rR*. 
smpl. oi AB. 3^ 



\ 



^herkal Trigonametr).' 6^ 

for the Rcader^s Inflru3ion ^ nor yet* that I 
may not needlcfiy repeat '^that in Aftronomy 
which has already been Cufficiently taught in 
tiie TrigonometricaUpaxt 



SECT. y. 

I • - 

of Spherical Trigonometry Righuattgled. 



T Shall here only infert the Operations by tile 
-■• Globical Projeflion of the Sphere^ and 
leave the Sterepgcaphicl:-pfi6jc£tidn of. them, 
till We come to -the Application oC Aflronomy» 
it being the more PradicaUpart of Spherical- 
trigotibmetryv and Gibing at Brevity, I ihaU 
endeavour to avoid Prolixity on the one 
Hand, as well as Deficiency on the other. 

Case the frjf^ * 

r 

Given the Hipothehufe^ andr an> Angle to 
find the-Leg adjacent to the Given-angle. 

^. . S The Hip. — tfo^ - o' ? ^^^ . ,. ,. 

Herr 
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Tlatei^. Here the Proportion lici in the 
Bg. I. Minfion hgd^ Right-angled at </ j and ' 
hence by the foregoing Riilea^th^ 
Proportion is,> 

As ^ f Sine-comp. of a^ -r- —^5:^0—- -9.9^240 
To g d Radius ^ ■ 90:00—10.00000 

Soce Tang. Comp. of tf r, — ^o:oc— 9-7<^i44 

To i d Tang. Comp; ^ fc. —.57:48— 9.1 99^^ 



Cjls% the fecortd. 



\ 



Given the Hipothenufr, and an Angle to ' 
id the Leg oppofite to the given Angle. 

■ GlvenJ* '^ °° J Required 1 c . 

PlaU 4.- Here the Ptt^pdrtion lies in thd' 

Kg* 11 , Manfion a d e^ and the like in the 

Manfion h k.^^ and either Way it U^ . 

As a e^ or h i Ridius, '-r-« «•-* 90:oo«^— 10.00000 
To^f, orA^, theSineof arj (Jo:oo t 9*9%^$% 
Sb demote i^ the Sine of tf, ►— 0.5 : 30 : 9.^0070 

Tub r, pr g i| the Sine oft c loiiz : 9.55823 



Ox S E c 
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Case the Thirds 

Cxiven the Hipothenufe, and an Angle, to 
r£nd the other Angle. 

Given ■^*' 5° °^lRcquircd r. ^''««- 

The Proportion lyes in the l^fanfionr^/^wcl 
«nd is, 

As f tf Sine Comp. of <if ■■ ^o 00-^ P«^98p7 
To f il^ Radius ■■ 1 ■ po-oo^*! 0.00000 

60^ f Tang. Comp. of a — -^ > 3. 30— 10.^(^170 

■ ■■ ■ 

To ii.i Tang, of c 77^4^1 o;5i^2 7 j 

Case the Fourth. 

• • 

Given .the the Hipothenufe and a Leg, to 
find the Angle hetween them. 

. > ■ 

The Proportion lies^ in the Manfion gJh^ 
and it is, , 



As Ji Tang. Comp. of 4 fc— f^48— * 9«75>9^5 
To f tf Tang. Comp. of <i e — do.oo— 9.75144 
So ^^ Radius ' — 90.00T— lo.ooooo 

To i e Sine Comp. of 4 •-; ^3.32^1^ p.p^aap 

C A s * 
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Case the fifth. 

'Given the Hloothenufe and a Leg, to find 
the Angle oppoiite to the given Leg. 

' Th^ Proportion lyes in the Manfion^a </*, 
or ii K^% and it is, 

Ag tf c Sine oY ^< f ..J (5^0 :oc«- 9-9575? 

To a t Radius- ■■ 90^ oo— iio.ooooo 

So f_t Sine of t b ■ ■ -■- 20 : 12 — 9-53819 
To de Sine of i« — — - 23- 30— 9'<^oo66 



C iL s tsthe Sixth. 

Given the Hipothcnufe and a Leg, to find 
<he other Leg, , , 



.< ' \ - 



•■ Given fl' ^° °°T Required fcc. , 

Plate 4, The Proportion lyes in the Manfion 
Ftg.6., ^ rfi^, and will be, - 



M 



KetiarigUd. ^1 

Asdb Sine.Coihp. of,-4i— 57. 48-^ S'l^^^^ 
To f>.SincConap. of^^.f — (^o oc— 9.59897 
So^gb Radius^ . -^ ■ ■ 90 : oc-— 10.00600 

To£€ Sine Gonip, of h c 20: 13*-* 9.97233 



Cass th^ Seventh* 

GjveiO an Angle and a Leg adjacent, fo find 
the Leg oppofite to given Angle* 

* ■ > • 

— • 

The Proportion lyes in the Manfion a J e^ 
and it is, 

i 

As ad Radius ■ ■■ ■ . ■■ 90 : oc— 10,00000 
To a&Sineof a h > 57 : 4.8— 9.92747 

Soi/eTang. ef<» — ^-i— 23 -/30— 9.(^3830 

To fee Tang, of b c ■■ . 20 : 12— 9'5<^577 



C A«E theBghihk 
* 
Given ati Angle and a Leg adjacent, to fitid 
the Angle oppofite to the given Leg. 



» r 



The Proportion lyes in the Manfion c kh 

and it is, 

As 
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• 

^ft e i Rjidiu**— »-*• »«M 90 : oo»^ie?ooooo 
To i i^Sine of * ^-. ^— 77 : 44 — 9.98997 
So rgStB^Comp« ct p^^ 20:12—^919724^ 

To J e Sine Comp. of ^ t::^ *3 • 3©^ p.p6[a4o 

'Ca-«e the mmh. 

Given an Angle and a Leg adjacent, to find 
ithc Hipothcnufc. 

The Proportion lies in the . Manfion h\0^ 
and it is, 

As h i Sine Comp. o£ c « 77 : 44—. 9.32728 
To ig Tang, of if >— 2a: 12-^ 9.5<^57tf 
€ip ^^^Eadius ■ ■ »— * 90:00—^10.00000 

I II " , ■ 
ToJ^tf the Tang, of « r— 6^0 : ooj---*io.2 3848 



Case the Tenth. 

Given an Angle and a Leg oppcifite, to find 
the Leg adjacent to the given Angle. 

The 



r 

Re6t angled, 7} 

The 'Proportion lycs.in the Maofion<t</e, 
and it is. 

As de Tang, of a - 23 : 5c— 9.(^3850 

Tori Tang, of ri—— 20: 12*- 9.56yj6 
So a J Radius ' 90 : 00—10.00000 



To ,.a b Sine of a b -— 57 • 48— 9.9274^ 



C A s^ tie Eleventh. 

Given an Angle and a Leg oppofite, to find 
the Angle adjacent to the given Leg. 

Given ?f ^*5 3°f Required r. ^J"*' *' 

The Proportion lies in the Manfion c f^ f, 
and it is, 

As c g SineComp. of fcr— 10: 12-- 9.97243 
Tog e Sine Comp. of a — . 23 : 30— 9.9<J24a 
So c t Radius ■ _ 90 : oo-— 10.00000 



To i-/^Sine of r — 77:44— 9.98997 



-Case- the TvfetftL 

Given an Angle and a Leg oppoHtr, to find 
the Hipothenuie. 

E Plate 
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plate 4. Giv enXf *5 • '"'iRcq. a t. 

The Proportion lies in the Manfion ad e^ 
and it is» 

As if * Sine of a — 23 : 50— 9.^0070 

To fcf Sine of if ao.'iz— 9-5?8i9 

So a e Radius po : oo— -10.00000 

To a c Sine of ^ c 60 : 00— 9.93749 



Case the Thirteenth. 
Given the Legs, to find an Angle. 

Pte^4. GivcnXf^ "'^^jRcquired.r. 

The Proportion lies in the Manfion a J e^ 
and it is, 

tUah S^ofab 57.48—9.92747 

To a d Radius r 90 . oc— lo.ooooo 

Soi^f Tang, of t f ^ 20 . la — 9-5<^57<^ 

To d e Tang, of *« — ^3 . 30— 9.(^3829 



Cass the Fourteenth. 

Giv^n the Legs to find the Hipothenufe. 

pUte 



m 

\bc ao laj ^ fjg. 14. 

The Proportion lyes ia the Manfion^^/t, 
^nd it is^ 



A« g h Radius ■ ■ -ffr i . i , -, \ 90.00-^^^^10. oooo» 
To ^ f Sine Qgmp. of i r-*— ao.i a— 9.$7a43 
«Sb 6 ^ Sine Comp. of 4 ^r — - J7.48— p.ya^t^j 

To c t Sine Conip. of <t c m^ <fo.oo>-^ 9*6^^0^ 

C A s% the BfteentU* 
Given the Angles, tofinda L^g. 

The Proportion lyes in the Manfion c k,}^ 
and it is, 

As i JtSin«of r i— — — ; a 77.44— ^ 9-9^99% 

To ^ ^ Sine Comp. of a xj.jo-^ 9.961^0 

So^-iH^^ius I " " ■ ' •*— *- pp.oQ*— laooooo 

To c g Sine C©mp. of h fii— ^ao.ia—^ 5^.97*43 



Ciat the Sixteenth: 
Giveti the Angles, to find the Hipothenufe- 

E « biven 



j^ SpheriealTrigmotnetry, 

Ptate^. Given X-^ ^?|^lRcquifed *r. 

fig. 1 6. U 7 7 -44 J "* 

The Proportion lyes in the MartSon c ^/, 
and it iS) 

Asi^Tang. off ' 77 44-^ — 10.^6169 

Toge Tang. Comp. of a a? . 50 10.31^1 70 

So c\ Radius — — 90 . OG— lo.ooooo 

To f ^ Sine"Comp. of rf r 60 . ^ ■ 9.(^9901 
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SfyherkalTrigonometfj Oblique. 

Case the Firji^ 

GIVEN two Std«s and an Anglfe oppofite 
to one of them, to find the Angle oppofite 
to the other, if it be known whether the re- 
quited Angle be acute or obtufe. 

Plate 4.. ^ah 4^ i^j^ 

%. 1 7. Given Kbc 3520 >Required a. 

«-f — « 34 i%\ 



By jixkfn the Seconds ' 

Als'Sine of a b ' " . 42 . 12 co. ar. 6.i 72-82 

To Sine off > 32 y 12 I 5 h72(?<$'3 

SbSine of t c 35 . 2c 9 .7^218 

To Sine of a ■ ■■ 27 , 19 ■ ■— 9 .6(^1^.3 

The' Angle at 4 27 ip ifacufe^ but ifob- 
tofe, it is the Complement of that to i8a Dc- 
greesi xix^ 252 $41. ' 

O-A s E the Stc^hJ. 

Given two Sides and an Angle opppllte, to 
find the contain'd Angle. 

Cab 42^iaTr -^ P/i*ff4. 

Gi>cn ^hc 3520 >Requircd *. i%. 1 8. 

Let fall the Perpendicular bdhy Solution 
thepth^ and then bccalife the Angle abc %$ 
required, find the Angle d be hy the catho- 
lick Proportion, where you fiod the Side b r, 
is the middle Part, andt the other cxtream 
€Dn}ttn£l9, therefore xhi Proportion inverted 
i&i 

E j^ A« 
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As Tanij. Comp. of c — .-^ 311^ — 1 0*20084 
To Radius ".^"^ ■ " ■ — * 90.00 — 10 00000 
So Sin^ Comp. of i f -« — 55.^0-^ 9.91158 

•■■■I*— -■— i— ■^. 

To TangT Comp/ dfcb d ^^ ^2/4? — 9. 7 1 074 

THe Angle c h J being thus found, find the 
Angle ahdyhy Conclufion the eighth, thus 5 

r 

As Tang. o£ a b ^^--^ —- 42*12 Co ar 0.042 5* 
ToSincComp. of f i Jm^ ^2.48 ^-. — 9.(^(^001 
To Tang, of i f n , « , ,. 35,20 •— — ^ 9.85059 

— k ^ 

To Sine Comp. of ah </— i.^9. 4 ^.^ ^^ 9*553i% 



c 



The Angle^4 b d .. * . ■■ > ' - ■ ■ ■ ^9—, 4 
Added to the Angle cbd^^ ^2.^48 

The Sum is the Angle abc i^ 1-^52 

\ 

•• •• ; . ,. ^ 

C A,sx tStf TiW. 

Given two Sides, and an Angle oppofite, to 
find the third Side. 

f .' ' ' . ' 
ra4^42i2^ Plate ^ 

Given -P |r r 55^0 ^Required a r. f]lg, i j^. 

Let fall the Perpendicular b J, by Solution 
the ninth ^ and then becaufe a c iu required» 
find d c thus J 

Aa 
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As Tangcnt-complcment of 7 ^^^^ 

one Extream-conj. be: 5 
To Radius ■ >-* 90 00.10,00000 

So Sine-comp. of Middle- part 32.12. p.92747 

■^ cTSfi f '^' '*^" ^*'"* }5o-57. 9.778od 

TA/w iy Conctujion the Jjxtb. 

As Sine-comp* of i r •— 3 5.20 Co. ar. o.o88+a 
To Sine-comp. of ^c ^^ 30 57 ^— »--► 9*93 3^9 
So Sine-comp. of 4 fc *— 42.1a — • ^— . 9.8^970 
To Sine-comp. of 4 </^~ 38.51 — ^ — 989141 

The Segment a <?— -— 38.51 
Added. to the Segment ^ r — 50^5 7 



> * » I — ■ 



The Sum is the whole Bafe a c (^9.48 

The fccond and third Cafes may be folved 
without the Conclufions : As for Inflance, In 
the fecond Cafe where the contained Angle i$ 
required, having two Angles* and their Oppo- 
fite Sides given or found, the thfrd Angle may 
be found thus i V 

As Sine of half the Difference of the Sides 
To Sine of half the Sum of the Sides, 
So Tang, of half the Difference of the Angles 
To Tang. Comp, of half the Angle required. 

k 

E 4 And 
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And in Cafe the Third, the third Side 
IS thus found 5 

As Sine of half the Difference of the givea 

Angles 
To Sine of half the Sum of the given Angles* 
So Tangent of half the Difierence of the Sides 
To Tangent of half the Side required. 



Ca.sk the Fourth. 

Two Angles, and a Side oppofite to one of 
them given, to find the Side oppofite to the 
other, if it be known whether the Side fought 
be more or le(s than a Quadrant. 

Plate j^. Ctf^— 42.120 

fig. ac. Gircn-2 <iir~i3i^52 >Required a t 

Cacb*-^ 32.123 



By Axiom the fecond. 

As Sine of c — — — — 32.12 Co ar 0.27338 
To Sine of 4^ >-^ 42.12 ^— -^9.82719 

To Sine of h ■ ^i^*5^ ^^ ►—9.87198 

To Sine of tf r — • ^— I— • <^9.50»^ H-9 972J5 

NOTE^ When a Side, or an Angle fought, 
is known to be le(s than a Quadrant, the 
Sine, or Tangent found, h the Anfwer to the 

Queflion 5 



Ohliqm^. .8x 

Queftion 5 but if more, its Complement to 
1 80 Degrees is the Aofwef* ; ^ 

NOTE zKofi Wlum yflu lite to find a Sine, 
or Taoflent, , of a Degree above 90, it is found 
by fubmaSiDg the given Degree and Minute, 
from xBq Degrees ^ the Remainder is the Sine 
of the Degree^ fought : Thm the Sine of 48.8 
is the Sine of i3i«52| e^r. 



' C^kst, tSe Ftfth. 

Givtn two Angles, and a Side oppofite to 
one of them, to find the Side included. 

^a— .2719'! * Plate ^^ 

GiTen^ r — 3a 1 2 >Required a c Bg* 2. 
C^ 2» 4^ 12 j^ 

r 

Let fall the Perpendicular b d^ by Solution 
the ninth ^ then b^eaufe 4 / is requircfd, find 
the Segment ad. , 



<.. -\ 



As Tang. Conip. of 4 i — 42.1 i-^iri 0.042 51 
To Radius ■ ■ • * .. — *— — —,90.00— lb 6aooo 

So Sfne CompVof a -i^— .^27 19— 9'.^4S^5 

' ' .. . . 

» 

To Tangent of <i</ n.^38^51**; 9.90^14 









cs= .-■; -- ^. 4? 'A -..;•>'> .•.i.;. Ti** 



^Bi Spherical Trigottptuetrfy 1 

As Tang, of ir ■« ; ■■ \ ' , ^ ^lat Co ar csioo84r 

To Sine oi ad *^^ ^8.51 .m^.*^ 9^79^14^ 

So Tang, of a ' >■ t . i^ 17.1^*-^ ^-^9.71567 

Te Sine ofrf^i jimi h " ■ %o,$T j i U^ »pjii^j 



u^. ^; f Z' 



Then to the Segment <« c — 38 51 
Add the Segment ^ c , 3057 

. The Sum ia the Side><. c — dp.48 



C A S E «% JJx^4 

Given two Anglesi ^nd a Side oppofite, to 

find the third Angle. 

• • • 

JRg. 22. Given -2 rt — 27 19 >Required b 

t»fcc— 35.2OJ 

Let fall the PerpcodicuUr rf t, by Conclufi. 
^A th^ ninth $ and then becanfe the Angle « i 
c i& required, find the Angle d b c 

"- ■*" " - . ' ■ 

As Tang. Com p. of c 32 12—^10.20084 

To Radius — — ^— 90oo»— lOiOOQoo 

So Sine Comp. of i c 35.20— > 9.91158 

■J 

To Tang. Comp. of ^hd >^ 6x48 9.7 1074 

Thtf9 



Oblique, 8 5 

. - • . • • 

As Sine Comf. ofr^m^^ 32 ia C6 af 0.072)^4 
To8fnct)fcft</ — — da48 — — 994910 
80 Sine Conip dfir — 1-*»7*9— *— 9.948i^5 

To Sinfr of n 6 <l -*- — <?9. 5 — ^ 9.97oa9 

Case r£( ^Srveiyrb. 
- i 

Giv€tt two Sidcy, and an Angle included, tp 
find cither Angles 

Givcn^ b c^ 3 5 20 >Required 4 pig. 23. 

. Irt this Cafe the Perpendicular may fall ei- 
ther from a or r, by Solution the ninth 5 but 
were there is that Variety, obfervc to let fall 
the Perpendicular from the End of a ^iviti 
Side, atid oppofite to a given Angle, and alfo 
oppofitc to the^Angle fe4utred: As in thia 
Cafe, or next the Side required, as in Cafe the 

ninth. 

Then in the Right-angled Triangle h d t. 
Right-angled at «/, there is given the Angle d 
h c (bccaufe it is the Complement of the Angle 
^ t c, to 180) and the Hipothenufe h r, to find 
the Bafe tWthtis, 



84 Spherical Trig&nometry^ 

To Radius - *-* po.oo—- 10.00000 
So Sine Comp. of </ fc c . 48. 8«- 9,824j9 

To Tang. o(db .. — -_ » j.jp^ M74>8 

TAf» by Omcli^on tbi fevmb. 

As the Sine of the Whole- 7 

bafe a d J<^7-3I— 0.03455 

To the Tang, of d b c' ^ 48. 8-10.047 55^ 

bo Sine of the Segment bd^^ 25.191— 9.^^106 



To Tang, of a . 27.15— 9.71298 

Case tbe Eighth. 

GiTcn two Sides,, and an Angle included to 
find the third Side. 

Plate 4. C o fc - 41 1 jHt 

Fig. 14. Gircn^ i c - 3 j 20 >Required ae 

Here by Solution the ninth, the Perpendi-' 
eular inav fall either from a, upon c h continu- 
ed, or from f, upon a b continued to «/, a< 
here : And then as in Cafe the feventh» there 
M by Confequence given the Angle «• i Z by 
which, and the Hipothenufe c i, you fi„d the 
Bife d h: As m Cafe the fevcnth, which there, 
ufoand to be 25 19 



That 



Obiiquil' 2^: 

AiSiiie.Comp. of Ji— ij.ip Co ar 0.0438^ 
To Sine Coinp.o£& r«—— 35.20 L^^^^jpn 58 
So Sine Comp. of <•«<—— -^7.3 1 — — • 9.58253 

To Sine Comp. of 4 r --; 69,^^9 T^rr. 9'53797 



Case rie Ninti. . 

GiVen tvre Angles, and a Side included to 
find either Side. 

r tf — 27.197 Plate 4., 

Given -^fc - i3i.5iVRequirerf'i c Pg.-^i. 

Here by Solution the ninth, the Perpendi- 
cular may fall from a oth*^ but in this Cafe 
let it fall from h^ becaufe it is the Cpncourfe 
of the Sides given and required : Then to find 
the Vertical Angle ahd^ where a h is Middle 
Fart, apd a and b ExtreamsCoojun^^ there- 
-fore^ 

As Tang. Comp. of <r— — — 27.19— io.2ytf92 

' To Radius • ■ — — — .— 90.00^—10.00000 

So Sine Comp. of « I? 42.i2'>-> 9.8(^970 

To Tang. Comp. ofab d m^ 69, 4— 9.58278 

From 



^4 Spherical Trigonmetry^^ 

From the wboleADgle ab c «««->-^ ^t $1*5^ 
Subftrafl t&e Angle ab d mmmm mm, 69. 4. 

Remam44li€ AngW r ^ J 1 n i T^ (^248 

T^tfjf by Conclnjim the eighth, 

• ■ I 

As Sine Comp* of r * J — 61.48 Co ar 0.33999 
To Sine Comp. of a bd'-^^^. 4 — ~ 9.5 5 301 
So Tang ofab ^ — —— .42.1a —— 9.95748 

To Tang, of b c ■ » 3 j.19 -*. — 9 85048 

Case the Tenth. 

Given two Sides, an J ah Angle included to» 
find the other Angle. 

Plate 4. r 4 — 2719^ 

jplfj. 25. Given<^ - '3* 5a ^Required t 

C^ b* 4SLmizJ 

Here by Solution the ninth, and the Gene* 
ral Rule in Cafe the fevcntb, the Perpendicu- 
lar muft fall from ir> upon a c ^ then find the 
yertical Angle a k d^ by the Proportion in 
Ca(e the nintbi which is there found to be 



Then 



TUU^ X^msJufim iht fifth. 

-}A#4Jiie o£ab J 69. 4 Co ar 0.0196& 

To Sme-Gomp. of 4 --^-. 17.19 — — 9.948^5 
So^ine of ^ b JL ■■ <gi.48 ».^ 9.94970 

To Sine Qyoip. of c •--— r 5^.13 ••ipr.-i. 9.9^74^ 



GiTca three Sides, to find an Angle* 

0^^42120 Plate /^ 

Given \b c ^^ 20 ^Required ^ ivg. 27. 

•4 4. f'dr9 48, 

In this Cafe the Perpendictflar mirft be let 
fall froto the Angle ^, upon the Side a r, by 
Conclufion the twelfth^ and the Rules fol. 
lowkrg.' 

4. • • - 

Then by ConcfuJJon the tvjelfth* 

As Tang; irf" ^ tbe Bafe*- 34.54 Co ar ai^tfjy 
To Tamg; of | the SumV q . ^.. • 

So Ta«g. of A Difference 7 fl ,,« x , 



IWIII'^ 



^ To 



IB ' Spherical Trigonometrfy 



To the Half^bafe -- — ^' — ^ — ^ • • 34^5* 

Add the Half-diflfercncc ■ — — 3* 5 7 

The Sum Uthc .greater Segment ■ " 38. 51 
Or the DiflSureajce is the leSer Segment • 30. ; 7 



As Radius ■■ . — * 99.00—10.00000 

To Tang, of <f J 1 ■ ■ ■ r 38.51^^ ^.9o<^04 
So Tang. Comp. of a t——4a-ia— 10.04251 

To Sine Comp. of a ——27.20— 9.94855 

4 

Cask the Tvoelftk. 
Given three Aogles, to find a Sidcr 

Plate i^- Til— -2719 V 

fig. 28. Givcn^^ - 151 52 S-Required^fr 

Cf— -32123 

■ ' ■ • .. '■ ' , -^ ' ■ ' 

NOTE, Before you can refolvc this Cafe, 

..yon may tarn; the Angles' intb Sfdcs^ aiid the 

Sides into Angles^ and then the Operation in 

the fujppleinenial Triangle will be the, fame as 

in Cafe the eleventh $ only in that Converfion, 

yon muft take the Complement df the gr^teft 

.Angle to 180, as in Solution the feventh. 



i« 



The 



Oblique. S9 

The Given-angles being thus turned into 
Sidee, and the Contrary 5 the Operation i$ the 
lame as if you had 

rtft~27i9 7 Plate j^ 

GiYcnJb c ~ 32 1 2 >Requircd a Bg. 27. 
^f tf — .48 8 J 

By Conclofion the twelfth, let fall the Per- 
pendicular upon the greateft Side a e, from its 
oppofite Angle b • then 5 

As Tang. ^ tie Bafe « r — 24, 4 Co ar o.;; 500^ 
To Tang, half ^um of 7 

the Sides V. ^ and * r J^^'^5 — — 9.75705 
So Tang, half Differ. 7 

of the faid Sides J **^^ — /^ 8.<f2834 



'^' I ■■! .■ 



To Tang, half Dififer.^ - „ 

Segm. of the Bafc J 5* 7 — ": 8.73 54J 

H»lf Bafe -i . -" . ^4. 4 

Half Difier. Segm. of the Bafe 3. 7 
Their Sum is the greater Bafe dc ay.i i - 
Their Differ, is the lefler Bafe « </ 20. j 7 

t * 

Then by Axiom the Jirjl. 

As Radius ^ 90.0c— xo.ooooo 

To Tang. Comp. of ab 47.19—10.28592 

So Tang, of 4 rf ao.57— 9.58304 

To Sine Cdmp^ of <t -— .. *. 4a.io— < 9.8^998- 

f _ ,j^_ 



<po spherical Trigofumetrfy &a 

The Angle a in this Triangle^ being equal 
to the Side a b^ viz. 42 lo, is the Aniwer re» 
quired. 

The &me Anfwer is produced by the Ope* 
fation grounded upon Axiom the third, with 
only the Difference of a Minute or two, occafi- 
oned by the omitine half Minutes in taking 
half of an odd Number, as appears by the fol- 
lowing Calculation ^. 

" r 

For the Side a. K the Operation ir. 



Angle tf 27.19 "" 
Comp. b 48* 8 
Angle c 32.12 



n 

*,. ^ ^7SCoi an 0.55828- 



Siioi*— ^ 107:39 ^i Sum Si. 53.21 — - 9.90^99 



A Sum- i3?49J 
An* rfub. 32:12 



Remaind. 21 37I— 9,^46^6 



iSum of the 4.Log. 19.9397 5 
\ Sum Sine ai- 6— 9.9(^987 



Rem. 



a I 6 doubled, is 42 1 2^ the Side a b required 

Sec a further Improvement of this Cafe, im 
the lad Problem but one of Aftronomy* 



• * ' 



C H A P. 



CHAP, IV. 

jiSTRONOMT. 



S_E C T. L. 

'AJkottmictd D^Hwm. 

flOTE, Where Lettcrt sre ttkt'i 
1 to, and no Figure njcntionld, the 
I faid Point> or Arch, eif-c, 'Hi&rk'd 
I out by tbefe Lctter6,;XHy be found 
in all tfae 5 ProjeSions^ hmt where 
the Point, or Arch, cannot be (een in all, I 
fliaU refer to the Figure that-beft iUiiftrM«* 
them: As Fig. i. Fig. 2, Ofc. NOTE, All 
theie Definitions refer to Plate $• 

POINTS. 



9^ AJlronomj. 

POINTS. 

The Zenith is the Point Jircftly over our 
Heads, as Z ; and the Nadir is the Point un* 
der our Feet, as N: Plate 5. Fig. i. 

The Poles of the EquinoSial, are the Norths 
pole, as P, in all the Figures $ and the Sooth- 
polei as Sf Fig. i. and 5. thefe are the Pole^ 
ef the World— -—The Pole of ^ny great Cir- 
cle is every Way 5^0 Degrees diftahtfrom it: 
Thus the Zenith and Nadir are the Poles of 
the Horizoni c^ct. 

GrJft circles: 

The Meridians are great Circles paffiiSg 
through the Poles of the World, and cutting 
the Equinoflial at Right-angles : As thi Pri* 
mjtive-circIe,:Fig. s^ anil the Right-circle n t, 
Sy Fig. 2*«i— Of the Meridians, Two are cal- 
led Colures, wx. The Solftitial-colure, as the 
Frimitive-circle, , Fig. u (whicfa*^ cutar the E- 
cliptick in Cancer and Capricorn) And the 
Equinoflial-colures, which cuts the Ecliptick 
in Aries and Libra : As the Rigfat-cjrcle PL ^S^ 
%. I', and BPU^, Pig/ 3; 

The Boainodnil is a great Circle that di- 
vides the Northern and Southern Hemifphere» 
and cuts •aH Meridians lit. Right-Angles : As E 
LQi Fig. I. JTQ^E, Pig. a. The Primitive- 
circle Fig. 5^ BiU/f^, Fig. 4> and ftfiO, Pig. f .- 

Tie 



The Ecliplick makes an Angle of 25 50, 
with the £qaino£lial in'tht firfl Point of Aries 
and Libra: AsELCy Pig. i -^W © £, Pig. 
a. and j — . The Primitive, Pig. 4, and Hc ® 

0, Pig. 5. In it the twelve Signs are reckon, 
cd from Weft to Eafl : As T Aries, b Taurus, 
n Gemini, ^ Cancer, Si Leo, i|p Virgo, jas 
Libm, iq, Scorpio, t Sagittarius, yp Capricorn, 
^ Aquarius, H Pi^es^ each Sign containing 
30 Degrees^ makes in all ^60 Degrees, as in 
all other great Circles. 

The Horizon divides that part of the Sphere 
that is above the Earth, from that that is un- 
der the Earth : as H L O, Fig. x — The Primi- 
tive, Fig. 2, tLnd'HaCy Fig. ^. 

The Azimuths are Circles intcrfefling each 
other in the Zenith and Nadir, and cuts the 
Horizon at Right-angles : AbZQN^ Fig. i »« 
Z R, Fig. 4. And the A«imitth that cuts the 
Horizon in the Eaft and Weft Points thereof, 
is called the Prime^vertical : Ai Z LN, Fig. 

1, ^ndfTZEf F^. 2.*^ And the Primitive, 
F^.. 5. 

Circles of Longitude, cut the Ecliptick at 
Right-angles, and interfe^ each other in the 
Poles thereof: h^EAJV, and CAK, Fig. 4. 

Leffer CIRCLES, 

They are ^commonly Parallel to fome great 
Circle, and hence called Parallels: As Parallelsi 
of Altitude^ as t © U; and -P4ralIHs of Pe.- 
cUnation, as g ® W| &c# Fig .1. 



9$ Ajlronont^ 

NOTEf Oar £«g/i/& Geographers and Navi- 
gators of Late, do commonly begin thtir Lon- 
gitude at London^ and Namber £aft or Weft 
from thence. 

The Hour of the Day is an Angle, made ct 
the Pole, between the Meridian of the Sun, 
and the Meridian of the Place : Thus the An- 
gle Z P ®y is the Hour from Noon, when, the 
Sun is any where in the Meridian p © «r,Tig. i. 

The Sun's Azimuth h an Angle at the Ze- 
nith, contained between the Azimuth that the 
Sun is in, and the Prime-rertical (if reckoned 
frott the Eaft or Weft) or the Meridian, if 
rjeckonM from the North or South : Thus the 
Angle Z JL, is the Sun*s Azimuth from the 
Eaft or Weft 5 but Z ^ is the Sun's Azi^ 
muth from the S|puth, Fig. i. 

The Sun's greateft Declination is the Angle 
that the Ecliptick makes with the Equatqr : 
As the .Angle h L*©, -Fig. i. 

tiOT E^ K\\ thefc and other Angles in A- 
ftronomy, may alfo be reckon'd Arches of 
thofe great Circles that are 90 Degrees di- 
ftant from the Angular*point : Thus the Hour 
is an Arch of the Equinoftial : The Azimuth 
is^an Arch of the Horizon, o^r. Of which fee 
more in the foregoing Definitions, and in Prol). 
^.-pf Spherical Geometry. 

SECT. 



S E C t. II. ' 

^fiioni in JISTRO-NOMT 

J^ Stronoiriy i« ho more but the Ap]^lication 
••"• of 'Sph*erica\- trigonometry,* or fuppofing 
the Arches of Q>cle«, which coQftjtute your 
given*K'riangVe/ to'be XfcliVs of t'he^tlonzon, 
Equator, Eclipdck, ..c^c^ and t^us by Jculy 
knowing whstt* * Circles Vhe Longitude,' Decli- 
nation,, Right-afcenfion, c^c^ are Arches of, as 
h already taught at large in Chap. 4^, SeSl.' i, 
You have nothing to do in your AftrbpomicaU 
operations, but what you' are already t'aught in 
the,ppera^ions inSpher^cal-trigQinproetry 5 on- 
ly to rriike the Work itiore intelligible, I /hall 
ihftance in fofne bf.the^moft ufeful Queftiops 
in 'Aftmnorny j and' for^Variety, I /hall per- 
form the Operations'' by niy Lord Nepdir^s Pro- 
portion, that the Learner may underftand the 
'Variety of Proportions, .whereby Spherical- 
trigbrtOffictiy' and Aftronom'y inay . be per- 



f f 



• fHXTE^ 'Whereat in mrfft SCife^ m AftroTiom]^; 
-^hUH you prajeS them, you firft d*raW iM'c Pri- 
mitive-circle, aiid croft it with two Diameters, 
(as Plate 5, Fig. I, the Frimitive-circle Z H N 
0, is croft with two Diameters ^2 N ^nd H 0) 
therefore «o>ybM ntfedltfs l^epptmWi Vhen' 
you fee it tfceflrft, /^'C Q^U figniffe^,^ DfaW. 
;th« PrimitiveMtiwlt^,' "^atid Qjrarter iti 'viu CroFsf 
M .:. p it 



it with t«ro Diameters, as above de&riSed, | 
and*then proceed a^direiSed. ' j 



PROB|:.£M L 

**..^ fSun'sLoneitadetfo: o7 
iQreatfft Dedin. ajtjo J 

Required Sun's pre|ent Peclioatioa. - 

Plate 5. Ceomftricat PrpjeBion^ 

I th^ll Inftanc^ in this npon all the five 
Plains § and firfl^ Upon the Plain of 
Ftg I. the Meridian. 

NOTE^ Although the Solution ofthk Pro-^ 
Mem ha^ po regar4to a given Lutitud^ ^ yfzt be- 
caufe it (eems more natural to fuppofe a given 
Latitude, 1 Jbave inftiiQced in Latitude 54 40 

North. 

P CO. and from fct off the Laf, 54 40 to. 
:P, anctlikewUe from if to 5; and dra v P Si» 
the Axis of the World $ and at Right-angles 
iU draw -/£ i!2^tlie Eq^tor ^ ^nd ^t an Angk of 
^xjotothat, draw £ C the Eclipticls;, upan 
which (because Longitude is an Arch of the 
Ecliptick) fct Qi£ 0'$ Longitude ^o, from L to 
<£>, and draw the Meridian P» 0* S^ then (be- 
c^^ttfe the Peclination . is ^n Arcl^ of the, Meri- 
d'an) the Arch kt meafured kf rrob. 8. 
V^r. }• is thf Peclinati^Q required* 

a. Up- 



^•t« Dpoh the Plait) bf the Hbmbn. % t^ 

P C it^ then 18 the Center Z the Zenith, anA 
iP the Fole; then Jo Degrees from P, draw 
the Equinodial Jf^Q^Et and «; 30^ from that 
the Ecliptick FT C £ 5 fet o£F 4o Degrees the 
1g>*8 Longitudb from E to 1^, and draw the 
MeHdlan P ® ^ H, the Afch ® h is the Declina- 
tion required* 

3. Upon thi Plain olf the E^^ator. R^, ;. 

> C^ then i« the PrHnitiVc Circle the E- 

Suator, and P the PcJc i draw £ C JT the E- 
iptick, to maice an Angle of 2t3 30, with the 
Prinitrveat £and v, and fet off 0's Longi- 
tude 60y 6 frbtn E to 0, and draw the Meri- 
dian b ^ Pi then by meaiored by Prob. 8. 
Van 2. ia the ^*s Declination required. 

4. Upon the Plain of the; Ecliptick Bg. 4* 

J^CHi theh *? 30 from the Eclintick^ aa 
through Q\ dra^ the Equator E 6 W^ continu- 
ed rounds Becaufe the Triangle ul Is without 
the Trimitive-circle 9 and having found P the 
Pol^ of the \Vorld, which is known to be a} 
vj diftant from A the Pole of the Equator, 
draw the Meridian R P ^ hi the Arch jr i« 
the Declination reduired. 

NOTE^ Any Arch without the Primitive* 
i^iftle, i$ meafured by the fame Rules in Frob. 
S.. that an Arch within the Primitive-circle ia 

F a meafured 



meafured $ and here I have contrived the Fro* 
je£led-triangle to fall without, to, ihe||v the 
Reader the Variety. 

. •• . ' • ■ ■' 

5. Upon the Plain of the Primervertical Fig. j* 

P C fii then is Z the Zenith, draw HC tK< 
Ecliptick, and H QJ) the Equator 5 fet off ©'s 
Longitude do, o from.O tp 0,. and draw^he 
Meridiah P, ©, «S; to cut the Equator in 63 
the Arch t © is the Declination required^ 

NOTE, The friangle' b © falling wltli- 
in the Primitive, all that Part falling without, 
exprefs'd by prick'd Lines, might be omited 5 
only here I have inferted it to let the Learner 
fee the Reafon of his Work- 



* • Trigonometrical OtlcHiatiofts^ 

i. 

The Triangle L h ©, Fig. 1, or £t ©,- Fig. 
2; 3, and w h ®, Fig. 4, or fc ©, Fig.' 5, is 
the Triangle here propofed, in which you 
Kave given L ®, Fig. i, or £ ©, Fig. 2, 3, 
or w ®, Fig. 4, or ©, Fig. 5., the Sun's 
Longitude 60 oj and the Angle L, Fig. ]^, 6r 
jE", Fig. 2 and 3, >, Fig. 4, or 0, Fig. j, to 
find the Arch b <*),' by Cafe the fe^ond. 

• Here the Sun's Declination-required is Mid«*' 
dIe-parr, and the other t^oj i^xtreams-dis- 
junft5 therefore, . ' ' 



As 



Aftronomj. ioi 

Aff Radius " ' - ' ' ' ■ 90: o: 1 0.00000 

To Sine of GreateA-decIi nation %y,%o 9:^007® 
So Sinfe ofiSuii's Longitude -J doroo. ^p.p 5 7 5 3 



To Sine oFPrcfent-declin* rccj. 20 rta 9.53823: 



* 



PR QBLEM Ifc 



*Tis projefilcd as Pirob. i; being the fame Data.' " 

The Given angle is Middle-part, and the 
other Extreams-conjunft —» Therefore by Cafe 
the firft. 

* / * A -. ' . *. 

As Tane. Cbmp. © liong* — — 60 o. 9.7(^144 ' 
To RacHis ■ ■' — 90 o io*Doooo 

So Sine-corn* Greateft-dec. SC. 23 30. 9.9(^240 

To Tang^ Off. 0: Right-afceitfi. 5 7 i/^i] i o, 2 009 tf 



f^R O B L E M. HL 



t t 



'»'«"tPrcfcnt-4cclinati.. J^^'l- ® « ^o^S- 



■ • ' 



GreateiLdeclination 23 30 Frefent^ Plate fi 

^ ft 

- i 
F 3 * To 



■p 



to2 AJlronomy^ 

To proj^eA it ypon tlie Plain of thfi Mwditi^ 

PCaanddrawp.Sf alfodraw-tf jB^rA^E- 
quatorV^nd E C, the Ediptick, c^c. at in ProK 
%. of Aftronomyj then dt*w the Paralkl of 
Declination g ® w, and where it cjuts the E*- 
cliptick, as m the Point ®, draw the Meridw. 
9X1 P Q Si then is Ir (S) the Longitude requi-^. 
jed by Cafe the twelfth. 

As Sine-cxf. Diq. grcatcft Dec 254a 9.^0070 
To Radius t m nn ■ i.jj i .j > '■ ».j . ' - 9000.10.00000 
So Sine Mid. partpcefentDcd.ioiL 9'53Si9 



I Hn ■ *■ »- 



ToSine-ext.I>isj.®Longit.i-,^o o 9-93749 

PROBLEM IV. 

{Given ©'a Decliwrtton « 20 li> 
Grcatcft Declination —— 2^hi^j 

M^B 5. Required & Ri^^-afcenfioa 

Jvg. I. 

Projeaed as Prob. 3. ~— Then by 
Cafe the tenth 

Aa Radius ■ ?o o.io,ooOiO© 

6e Tang. Ext Con. prcfent Dec. 20 r 2. >. 5^^ 7 ^ 



i*»i ■ 



To Sine Mid. part Right-afcen. 57548 9-5>*74tf 

- FRO- 



/fjkmm^k 103- 

,P.R O B L JE J« V-.: Plate <fc 

/^Cjg^and as you have no rcfpcfl to Lati- 
tude in this, as weH as all the feregoing Fro^ 
blemsi you fday Uf yduc Fifrp^ndicman Diame^ 
tcr rcprefcnt the Axis of the WorlSy and the o- 
dier tKB £auftN>if f tjk^n at* *i An^le of 23 }6, 
with the Eojuatopy dlrafP^ ^ (7 ihd £cliptick ^ 
then uJ)on the Equator, ftt off the Right af- 
cenfion. (becauij the Rii^ht-afcenifiin is always^ 
^n ^Arcii of the Eq^u*tor^ from L to b^ and 
dxaw the Meridian P b S^ andoJbferve where it 
<^uts ik^ Bciiptick : As in the Point ®:, the Arch 
h 0.. is tive ®> Lnogitude re^ftired* Then 
by Caie the ninths 

Asi tangs £?^.Con}».R;igIit«arc: 57:4832(0.20084' 
Toltadius ■■ ■ — poioo.io.ooQOQ 

So Sine Conig, ])^id.'pt, gr. J)ec 53^^^. 9,9^240 






t ROB tRM Vt 

« * 



Froje£bed air Ff<rib. $ ^^-^^^ Then by Cafe the 
frrenth- •-•' C y-' - - 

F 4 At 



ro4 'Aftronomyl 

As Tan'.Com. Exi Con. Gf. De. 23.50 10.5^170 
Ta Radius ■ ' ■ ■ ■■ — po 00.10.00000 

So Sine Mid Pt. Rigbt-afccn. 5 7,48. 9.911 A'J 



I I IIW 



To Tang. Ex. Conj.. © Declin. 20:1a 9.5tf 577 



B R O B L E M VH. 



I <- 



PJatt 6i r;:„,„ • f tat. of the Plate 54 4o> *> 

"^ jjj'VrcenfionaUdifference i Prol>. 7 

© Rife and Set "■ ■■ ■ ' . - Prob» 8* 

Length of Day or Night Prob. 9 

®V Amplitude ■ '■ ■ •" '■ . ■■ ■ ..— u, prok lo' 
Whir Hoiif ®.is Eaft -r— ^ — -.— ^ Probt i 1 
©'s Altitude when Eaft -— -ii ii-L^ProK i^i' 

© Altitude at 6 — — — ■ . Prob. i \ 

® *s Azimuth at 6 — : — i. • ■ '•: ' 'i . - ,>- ProW I4\ 

P C g^ (ct off the Latitude 54 4a, from 6 to 
P, and from H to *S;^and draw the Axis .-R, ,S;, 
and at ftight-^angles to it; driw the Equator; 
j^ Q^ and at an Angle of 23 30, draw E C the 
Ecliptickj draw the Parallel of Declination 
G © M, diflant ffom* thg-E^ator 20 12, c. 
qual to the Given-declination 5 and where it 
cuts the Ecliptick, asin (g, draw the Meridi- 
ah p © St and the -Aziimuth -Z © iSTj alfo 
where the Parallel cuts the Horizon, as in D, 
drtw/the Mbridi^ti AXLJ^j/anAwlidrc'tfte Pa- 
rallel cuts "the Primc-vertical, as in 3>i.drawM 
c V -% \ the- 



/ 



'Aftrommyl los 

the Meridian i» 3 J^ alfo where the Parallel 
cuts the Axis P «$; as io 5, draw the Azimuth 
^ 5 AT 5 which done, the Arch LyiB the Af- 
Cen£onaI.difierence, L D the Amplitude from 
the Eaft or Wrft, becaiife G Ai is the Parallct 
the Sun moves in that Day, and the Point D 
h the Point of Sun's Rifing: D OtheAmpli* 
tude from the North, the Angle' 3 ./> L equal 
to the Arch a 1, is the Houir Som 6 that the. 
Sun is Eaft or Weft, «/*• In the Point 3, the 
Point 3 being the Point that the Sun is in 
when Eaft or Weft 5 and h-nce the Arch 3 L 
w the Sun's Altitude when Eaft or Weft, an^^v > 
the Arch 5 6y i» the Sun's Altitude at >d, and 
the Arch. L ^^ is the Sun's Aziniuth at d» ta- 
ken from, the Eaft or Weft, cty. Then for 
Trigonometrical-operation. 

Firft, For the Afcenfional-difference* * 

In the Triangle L y D^ you have given the 
Angle at L the Comp. I*atitu4e^, and the Leg 
"D y the •Declination to find L'^^ 'the Afcen. 
fional Difierence : . Therefore , by Ca(e tjic 
Tenth. ' ' • 

Ais Radius ' ' ■ ■ — .^o 0.1 0,00000 
To Tang, of Latitude ■ 5440.10.14941' 

So Tang, of Declination i— — 2012. 9.5(55 7<J" 

To Sine of Afcenfional-difiSSr/jr.i^, 9.71517- 



F 5 P R 0- 
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I 

PRaBLEM VOL 
To find the Titut of ftni^ir Riivf sod Scttiag^ 



.The Afir^nfiofial DXttcmstt %% i4 «oii^erte# 
tofo Tinre, atloiring 1 5 Degtns w» dne Houiv 
mnd one Degree Ay 4. MfHuf^s 0f Timet gi^ev 
the Hours wnA MimiteA ihttt like Sufi Riflrs he- 
fore 6 ill Summer, or tfftf ^ ill Whiter f Th«» 
311^, givea 2 Hows- j Mklates, whi^h fiib^ 
'^ra^led fvoM» <^| kai0« f HoofS 55* Mifiufirs'itt 
^e Morrting for SKin*9 Kifing f or adcTed to 4f 
makcaf ^Hourtf jrMimftes atNi^t fm ^nV 
Setting, #^r. lind the coAtravy in' Souvh Dedi-- 
nation, ix^hen the S«n< Riftaafter^ and^Setii be* 
fore 6; and then, inflead of adding, yoit 
^muft fubfttad^ and the contrary 



PROBLEM r^. 

^ To find the Length of the Day or Night. 

The Sun's Rifing found by Prob. 8^ beintf 
doubled, gives the Length of the Nieht, and 
double Sun's Setting, give$ the Length of the 
D^; And thus, as by^roh. 8, you find Sun 
Sets at i Hours s MimiteSf . which doubled, 
gives 16 Hours 10 Minutes for the Length of 
the Day 9 and the Sun's Rifing, viu % Hours 
55 Minutes doubled, gives the Length of the 

ISIight, 



'AjflroHomy. Y07 

Night) which. C*. Standi. U.i Jlotti joMi* 

^ ^OBLE^M X. r/*/*; 

% I. 

Latitude and Declihatioil given, tofind tte 
Amplitude* 

tiirTM haif^ jgitcff hrtte THirngf e L > 2>, ttaJ 
An gle a t L tne Co mplement of Latitude,, ^nd 
th^ L« Z)/ thie EMtliAiltioAi t&Bxid thefi^r^po^: 
thenufe L D the Amplitude ^ and here ^he Pe- 
dinitain^ iy*¥ h Middle 9%!it\ and the othe^ 

ArSine 6oWp.Xatitu^^«iM*&'C^44<>' 9-f^i3; 

To Radius 5 — ■ » ' *^ 90 od' iouk>6o<2> 

So Sine of Declination, > 201a p. 53819 



^WHta 



To Sine of impliflfdel A i \ ■ - ^ 4Sb 9Jp]^t . 

TJits 13 the (s^nie Prepirtilin' th*t al'ifet from 
t6e Goohical! f^roje£iion* : - 



P R O B^ L £ M XJ. 



»•• "^ 



f / • - ' " # ^ 

Latitude of the Place ,54 40, ^aidr$9n*f|;0e<< ^ 
«linat]on 20:12, given, to nnd what Hour and 
and Minute the Sun will be due £aft or Weft. 

ProK£led a8 in Prob. 7, beina the fame Oatii. 

F tf ThJ« 



you have given the Angle 2 L'^'thrtaritu^d'tf^ 
54 40, and the Leg 2 3, the Declination to 
find the Leg 2 L, the Hoiir firoip ^tf when the 
Sunitf in the Point 9,* wu^yvidJA or Weft*/* 
and falls in Cafe the Tenth of Right-angled^ 
Spherical Triangles j therefore, ^ 1 ,1 

As Radius, *-^— ««. ■ ■ 90 6:10.00000 

To Tangent Compl. .Lacitudff f440* f«S90)9 
So Ta,ngent Declina^tiooi —.20.12. j|.5i657<?* 

To Sine, ofthr Hour froqa: ^^ i> 7 94#<^S5* 



1 • ' » • 



Which gives .oi|c Hour to.bciftddedito^'iii.* 
the Morning/ ox Cu^ftra^flrd ^^n6Atk theA&i 
ternoon, the Sum 7 is the Time when the Sun - 
i$£aft, and; the Remainder 5- the Tisxe wVrar- 
lie is due Weft, c^v. 



^ Hatting the Latrtadi^ 5^ 40; and 0e^ 
clination 20 12, to find the S'dn'i Altitude ' 
when Eaft or Weft. 

This falls alio in the Triaitgk £ 2 5, the 
Angle L and Leg 2 9, given^to find the Hipo- 
theiiufoX 3, by<;tfe 12; 






I ' *^ i 'j 



A* 



As Sine .of Latittt^cir zsrr*^, -^ .54wW 9,^1 j jjl 
To Radiu* ^ , J .., ... >■«* jioiOQ»io^oooQ 

So Sine Dec^nitioiii ^ . ■ *?- ^9:12. 9. $3815^ 

To Si. oH^ Alt whfsn B. or VVw F5;r ?: 9%tfa<^^B' 

P R OB L £ J« OEIIl Pi&/f<^^ 
' ' ' ^ " i%. I. - 

By the Latitude J4.40, and Decli*r 
nation 20^2:, to £nd the Sun's Altitude, at 6.- 

This proj^fled as in Proth .7,. (alls in: Ac 
Triangle L* 5 (^, in ^hich is given the Anglc- 
Lp the Latitude, , 54 .4?i ?^4 ^ 5f the Decli- 
fiation> 20 12, to find the Side j ^, the Point * 
5, being the Point the Si|h is iii at V, and the ^ 
Arch i tf 'his Altitude above th^e Horizon aC 
that Time 5 therefore ty Caft 2. '. 

As Radius, — - •— . ' '90 o. 10.00060 

To Sine Latitude Jr.— *^.—^ — 54;4e|7 y*5>iX58 
So Sine Dcdinatiph,, ■ ■ » ■* 20 i ar, p.5 38 1 ^. 






Td Siiredf Altitude :^t tf. — — - 1(^:21 9.44P77': 
PROBLEM XIV. P/*t# €. 

r 'Fig. t. 

Given the Latitude 54 40, and < 
Declination 20 1 2, to find Sun*s Azisnulh at 6t 
which falls in the (ame Triangle :L 6 5> in 
which is given, as in Prob. 13^ to find the 
Leg L Cy by Cafe the Firft. 



9b'ii»CMtffkIjcrinitre^#Cf44d.^^7erifi^ 

— * > ■ ■■ ■ III 

CatitikSe and ATCeBlionar DilS^rence 
giveo> to tfod Sdis^i Declination. 

'fhkf ittdf rffc foHowing Prdtterfis. arcf ohlji 
other P^lrtrf^iVeit and required 'in the i^rc* 
fflerttibi^cflTiangle^ as'tHe Lrai'rier ipay'eatf^y 
ly fte by ^at i»' already laid down Jn >fcc^ 
Wre-goink iPfoBlettoij anrf therefore if /Ralt^ 
not necfto ihlafge^ but rfiall lay dpWiv tfce 
Queflions, antf Feare (he Operatioha for ^tie 
Reader's Praftice. 



« « • ^ •■>•« 



l0 l!h* Tri^re'T"y <«rthefc is gJyen £. j?,-. 
tUc Afce^fibnri-DiSfcrericc"'? 1 i<r, and the Ah- 
f(RrZ:' flrtrCompIement of JLatitude^5 j^P^ to- 
ftid H) ^, the 'DeClihatiott, hy Cafe the Se- 
venth. ... 



T '. / 



a 

As Tang. Cotnp. of L,. 

To RkdiMs J M :. ^ ^ " 

S<^ Sitf^ of jL bS' ^ *' 
ToTan^lof?),^:\ 






PRO- 






f It O B & £ HI JTR; Jbir A 

Ciyen the Latitude of the Place 54 

In the 'frianglc L.> Df t&eft isgilrctt the 
Afigl« it ti Md the Legf a<Ijae»ht JL^, to Utid^ 
tOieflKpothtfmife jC D^ by Gikfe lUeNintb^ 

As.Tangefit hy^ 

.To Aamorv : 
So Sine of CompleiOcifl kJt I« 

To Taifgfeiir Goir^kRiieiit of JC^ /« 

r 

Problem xvil puu ^: 

Givcft the Latitude of the Place J4 40, andT 
the Affif iiittde of the Sttn^^^, 4<^„ ^ iSiid the 
Sun's DccliiultiM. 

In the Triangle L yH^ is jgivcn the^ Angle 
It 2. the Cofnplement of Latitude, and L^D 
the Amplitude to fihd the Efedina/tioA i>> by 
Cafe the Second. . / 

As Tangent Coipplem^nf of £|< ' 
To Radius $ 

So Sine Complement of Z> Lf 
To Tangent of ^. 

PftOi 



^ 




'r^' 



Piatt Si pabBrL.E>.M xvm 

Giycn< the Latitude 54 40i tnd 5uti*« A(n- 
plitude ^6 40, to find. the Afcqufional Di& 
ference. « 

In the Triangle L yJ^i^ giren the Angle U 
and the Hippthenuie JL D, , to find L yhv Cafe 
thcFirft. ^ / 

As TangentConsplemcnt of X 0, 
To Radios^' 

So Sine Complement of £-». 
To Tangent L ^, 

P/4re<5v P RO B L E M XIX. 

J ' » ' 

The Sun's Declination 20 12, and Afcenfio- 
nal Difference 31 i^» given to find the LatiJ 
tude of the Place. 

In the Triangle L yd^ i« given Lj^i and D 
yi to find the Angle £, by Cafe the Thir- 
teenth. 

As Tan^nt D jr, « 

To Radius $ 

So Srne o( Lyi 

To Tangent Complement of L* : 

PRO^ 



Ajfrmnrtf. rrj, 

l^R Onttk' XX. Plate (k 

Bg. 1. 

^ivfn^as'm Prob'. 19, to find Sun's Ampli* 
tiaAt'L d; by Gafe the Fburfectith.^ 

As Radius, 

So Sine.ComplVment Dy, ' 
To ^inc Complerfjcnt L D. 

I might advance to a great Number of Pro* 
Blems, which may be deduced from the feve- 
ral Right-angled Triangles; comtain'd' in this 
Figure y but not willing needleflyto encreafe 
the Number, I /hall confine my felfonlyto 
thofe where the Latitude is required, they 
being of mpft Ufc ^n f rafl^edt JJcM the Art» 
ift being commonly fitted with Books» In«>. 
firuments, cty. whereby the Sun's Altitude 
DecUnurioti,. c^-e^ is attained* without Trieono- 
mctrical Caleulation $ japdi by tho Hel{( of 
thefe Problems following, th«^ Lathtide may 
fometimes be attained in a Morning, or £ven« 
i^g> wiien. an/ Ojbifmtioii cttmc^t'be had?at 
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Plate 6. PROELEM 

% t. • 

ft 

Given the Sun^s Declination xo xi NcntH^ 
ind the Amplitude }^ 4q» t9 ^ni- the L^tt^ 
tude of the Place. 

Tn the Triangle Ly Dg U gWttk tise Hipo<^ 
thenufe L D, Ind the Leg L y$ fo iod the: 
Angle Lf by Uafe th« Fifihn 

As Sine L D^. 
To Raditis ^ 
80 Sine of D jtf. 
To Sine p£ JL 



MiM ^ PROBLEM xxa: 

The Sun^t ilmplkodtt 3^40, and^JIfeet)^ 
ml DiAlrenee j< i^y gi^tf>^ t'^d find; the Liti-^^ 
tude of the plaor*. 

In the Tr!a««^e £ y D; yotr hirrghren the 
Hipothenufe L A and the Le^ L jr, to find 1 
thft Angle L^ b; Cafe the EourtV 



A»; 



its Radiua, 

To Tangent Ljj 

So Tangcot Complefsient of L DT, 

To Sine Comgtemeat jt>f L*: 



Give» the Sun's Dcctuiation ;3u> iitr ^^^ 1*^ 
Altitude at Six 9t Cl6cTt t^ 2ji». to fifid: tLe 
Latitude. 

In tlie Triangje L % S^ i^ given the Hipo- 
tbcnufc L 5, the Declinatiom and the Leg ji ^ 
^e ikltitudl? at d, to fo* difct Aagle L the La^ 
tkude» by Cafe the Fifth. 

AsSineofL 5^ 
To Radius ^ 
• So Sine of fd; 
To Sine of the Aitgtie at £. 



Given the Sap's Declination aa t^r Ws Aei- 
^ath at ^ 12 i» to fiind the Latitude. 

In ihc Tmn^ Lf6,'H giyen jL 5 A^ D^ 
clination, and L ^ the Azimuth it 0^ tto M* 
the Angle at i,, by Cafe the Fourth. 



fitf Aftronmy. 

As Radius, ' , 

ToTangcntLrfj 
tSo Tangent Complement of L 5^ 
To Sin^ G>mplemcnt of L required*. 

Or in the Quadrantal Triangle L Z 5, is ^i- 
ven L 5 the Sun's DeclinAtidn 20^12, and the 
Angle ^ the Sun's Azimuth at 5, uit. 12 i, to 
fina the Angle at Z, the Complement of Lati* 
tude required, which by the Ru*les given 
Chap 3, for C^d^mtal Triangles, fiills under 
the following Proportion. 

As Radius, ■ \» ■ ■.■ < ■■■ -ib.ooooo 

To Tanp.-of the Ang. z 5 — 12. i — 93^809' 
So Tang. Com. Dcc< Z, 5 — 20 12-^^0.43425 



laatmm^^umma 



To Sine Com. Lat. Zt^i'^iAi9'^ p.y^^aja. 



f > 



Plate 6, PROBLEM XXV. 

Fig. I. 

Given the.&in^s p<?d^jytion^ together witfi^ 
his Altitude, taken due Eaft of Weft, to find 
the Latitude. 

lb the Triangle Z 5 <J, is given the Dccli- 
nation L 5, 20 12, and the Sun's Altitude,* 
when Eaft or Weft, 253, the Leg 5 6^ to find 
the Angle L, the Complement of Latitude^ by 
Cafe the Fifth. .: . 

» ' : ' 



'Afir&mmif'. '%if 

As Sine of Z, $ the Declination, 

To Radius ;. , 

So Sine of 5 ^/ the ^n'8 Altitude, when Etft 

or Weft, 
To the Sine Complement of Z. the Latitude 

Tcquiied. 

Or in the C^adrantal Triangle, « Z, ,y, it. 
given Z s. theComplcment of Altitude, when 
Eaft or Weft ; and L 5, the Declination, to 
find the Angle Lf the Complement of La- 
titude. 

As Sine of L 5 the DecUoation, 

To Radius J 

So the Sine Complement of 2 5 (whidh is the 

Sine of 5 6 the Sun's Altitude,) 
To the Sine Complement of X (which is t^e 

Sine of Latitude) rcguitei 



SECT. 



%tt jlJhWQflffm 



S E C T. IIL 

4 

^irommkal PROBLEMS whofe S>- 
lutions depend vfm Oblique Sfbetiz 
cal Tmn&ei<^ ' 



Hate 6. J R O B L E M t 

GIVEN the Son's Altltiide BecKnatiofli 
wd Asimuthi to find the Hour of tht 
Day, 

/ . .. . ■ - 

EX AMP Z iR 

The Sun's Altitude, *-4 47 48 7 

The Su/1'4- D«c. North, »o i% r^^ ffl^Hdto 

Azimj|itti(romj;h^5oa. 48 8 J i ^ a 



-:> 



I hA^ given thi« the iifft Pl^ bc- 
caufe If falU under the foft Cafe of Oblique 
Spherical I'fianglesj my Defign /being (for 
the Learner's better Infttufljon)* to inRance 
one Queftion in each Cafe, and to projeS each 
iipon the Plain of fiich » -^rcs^t Circle, that it 
fnay come under this, 



General 



IP. f 

j] CJeperil Rh1« for prbjoftirtg Oblique SpheS 
rxcaji Tn^n^^s. . ir 

Witn (tl?c|?c^ {« gi?efi tilro fii^ and an 
Angle make z fjjiYfin Side ttpon the PrioiH 
tiye^ and the gwfo Aligle at the FricnitiTe) 
Ibuf, if >twf]( Ang^s ^ftd a Stde make both the 
Apglesat tK? Primitive, and Ut the given 
^idc a^l wi^hm* eM^pt it be the Sid^ con^' 
tain'd b/s$w0m <h4 given Angles ^ i>at wheij 
pn}y^j,thi^ ^idcf i9 giveii, as^ in Cafe ix> of 
three Angles, as. |f| Ca& ii, you mzyttojtSt 
upon the Plain of any of the threie CircleS| 
v)u>fe Arph^ ctmpoCor th« Tviingle. 
. . ^^ ^ . ^ ^ • • » 

: NOTfir^lEeo mity iitinany Cafes jirojea the 
TmagU-at the Center of the Prjqaitjve, as ix^ 
Prpi>. 7. jmd ♦♦ Wloli^iffg; — - 

it is moft <:onvetticnt to projeft this Pro-' 

hiem . upon the Plain of ati Azimuth, . becaia/e 

the Sun's Altitude (which is an Arch of at? A- 

«»muth) is^i^env and the Sun's Azimuth is an 

Angle adjacent to that gfven Side j tfrerefore* 

' P Cdf and fet the Sun's Altitucle 47 48, up- 

t)n the Primitive £rojp If to g)* an^ draw th<! 

Meridian of tne Place' z. P w, to make an Angle 

ifi 5 a with the Primitive (equal to the Sun*s 

Azimuth from the North, or the Complemei^t 

of the Azimuth from the South) by Prob. t?t 

Cafe 15 attd becaiife the Stiri is (Jift^nt fro^i 

the Pole 6^ 48, equal to the Complement of 

Declination, draw the Parallel a P h^ at the 

. i faid 



faid DIflance from the Sun, byPmb. 7i Qale 
3r J' sftid be<iiufc;th*e?Pbie'^s-'<bmcwher6 ib that 
Parallel, and alfo in the Meridiah of thfe Pkcei 
it muft be where they crofs each Qther, af^ in 
P^ th«n Utrougb; iikI*P, draw t&eWeri'di- 
zn® P Cf tcxttt thePrittiitive in the oppofite 
Foint8^0 and Cr^^d tiic Triangle is finifh^d i 
and in the Triangle Z P ©, 'there h given Z 
g), the CompleAieDt of Altitude 41' 12, aiid,'S) 
P, t)ie Cbm^leQitot of Declination tfp*4;8, 'sltii 
tbc-Angl< @ ZP, the AiitnUfch* frtmr' tfitT 
South, to !gnd the Angle Z P 0, tliie HUtyc^ 
from Noon, by Cafe theFirft. -"'- 

As Sine of © P, ^^ *^ 5948 Co ar 0,02757 

ToSineof© ZP-^^^ — 131 52— —9.87198 

SaSine Q^.© Z',^— I — r.. 4> «.-av— ^ -fi-.9f^2 7%8 

\^ .. - . . -.f'l Til 'jh '! ?' ■V . 

ToSinkofZP©. — r- .3a ti ^^•i*^9.72^73 

This 32 i2| redu(;ed. lo Tim/p, ft}lawihg'i5 
Degrees to an Hour, and, every Djegr^c. 4. Mi- 
nutes, gives 2 Hours 9 Minutes, 'uit. 15 Mi-' 
liutcs after 9 in the Morning^ qr 5^. Minutfti 
praft 2 ih'the Afternopqi'. , 



• J' J* 






J • • I • , » 



P/4>e <r. • -P R G fi.Ji E.M it'l," ,■ ,.|.'., .■ 

■ 

Given the tatitu^e of thcJUce, wjth the 
San*s Altitudi?, ^and^pur ©f the D^y, tQ find 
the Afclmuth.* ' > 



wj ^. ' 



t 



Latitude 



. 4ftronotny. tzi 

Latitude Nofth, ' r^ ; . — 44 40 "p 
^un's.Altjtuit^^ -^^ — r-.«--^7 4^S>to find the 
Ho. ffom No^2 Ho. 9 AL or 3 £ i z 3 Azimuth* 

This muft be^projeftcd upon the Plain of 
the Meridian, hecaufe the Latitude (an Arch 
of the Meridian) and the Hour (an Angle ad-? 
jacent) is given 5 therefore, 

P C Q^ict the Latitude 54 40, from 6 to P^ 
or its Cpmple;nent from 2 toP, ,draw P © .J, 
to Ihakc the given Atigle at P 51 li, by Prob. 
gr, Cafe, a, and draw the given Panlldl of Al- 
titude 47 48 above the Horizon, by Prob.. 7^ 
Cafe £, ^a h'& c^ and where. th«t qius the 
McridiaUf/? © Sy aa.tn the Point © dra^j^.th^ 
Azimuth Z ©,N, ai>d ^he Triangle Z P ®.i^ 
iiniihed» in whi<:h you have given,. 



i ( 



The*Comp.Lat.2{J*,^7.. / ' v ' ^ ' • 

The Comp. Alt, Z®, >To firtcl the AzfmuA, ' 
The Angle Z P ©^--. 3 © 2 P by Cafe the Sec: 

The Triangle Z P ®, muft firft be fuppofed 
tti be divrdeif into two Right-angled Trian- 
gles, by the Direflions given in Cafe the Set 
cond, of Oblicpie Spherical Triattgles 5. which 
done* the Operation is, Ti . .' 

As Tang. Comp. oF Z P <j), *— 1 ^2 iz 10.20084 
To Radius ^ " * ' '■ "fc ^ ■ ■» ■ ■.<; ' ■ u ■ ■ jo.ooooo 
So Sine Comp. of Z f , < .. m } 5.20 ^9.91158 

To Tan. C^m. Of P-Z t. -*.—■. 6x 48 p. 71074 
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A« Tangcfet of & Zpsu-^^- ifz-ri C5o ar o.o^t)! 
To SificOnnf); ^ Z>5 — ^i 4* *^ "** -^.Woot 
So Tane- of Z P, —— 3 5 ao — ~ 9.8505^ 

' i MM l.^ ■ 

To Sine Com^. © Z ^~. O. ♦ •^•r-^$5?" 

*ra the Angle P Z ^ tf» 48 

AddthcAng. ® Zf, tfji 4^. ; 



» ■■ 



The Sam is P Z ©• ^ 3i-5* ^^^ A^inowth re<juu 

The Reafen of this Conclnfion, made aft of 
in the laft Operation of this Problem, and aU 
{o of the fcA mentioned undet Axiom the 8e- 
tondi of Spherical Trigonometry, may be de- 
duced fr^ thefe Cooperations, v/a. 

Suppofe ih the Triangle Z P ©i before- 
mentioned, the Perpendicular Z <J whic^ di- 
vides it into two Right-^ii^^d Triangles* 
were given J and © Zi and Z P, which arc 
now become Hipotheniifes, to the two Rights 
angle Triangle^ were alfo given, to find the 
Vertiqal Angles, by C4^, the Fourth, the ft^ 
portion would bc^ ; | 

A«Ti»ngeitG<>mpfcttieM-Z', \ 

To Radius 5 /\ i 

So Tangent Complement Z P» 
. ^ To Sine Gotpplement P Z^. 
As Tanynt Complcment JZ ^ 

To Radius ' 

.. .. — ^Tangent Complement Z ®t 

To Sine Complcnicttt (& Z &^ ^. 

^') The 



The two firft Terms in both Proportionf 
being the fame, talce them hoth away, and the 
n& will retain' the fame ¥t^)fonien {Bud. 1. 5, 

As Tangent Complement ^ P, ' ^ 
To Sine Complement jp Z £ ; 
So Tangent Complement Z .©, 
To Sine Cpmpleflficnt Ze. 

« • 

And if the Tangent Complements arc di-i 
re£lly» the Tangents mufl be mutually, or re- 
ci^cally proportionable to the Sine fcoimple- 
tments ot thefr fdpeftive Angles 5 and by this 
Way of Rccfconmff, you may^nd the Ground 
of all thrteft of theConclufions, always ^ma- 

eioingthe Perpendicular, wliich is common to 
oth Triangles, to be given 5 and the other 
Farts giTCDy to be the fame in both Triangles, 
whether the HipQthenufe, or Angle, at the 
Baur, err. And Iw thir you nnay form tv^o 
FropordoM, whote two firft Terms will be 
the {atncr-wliich bpitig-dcftrbyrdf tfaeother 
tgtaining. the fame Proportion, is the Conclu- 
fion requifedr^ < 



PROBLEM IH. 

. Given the Latitude of the Place^ wirh the 
Sun*s Akttiidet and the Hour df the Day, to 
find the Decimation. - . • . ' 



G a Latitiidt 



1 24 Aftrmclfnyl ^ 

Latit;ude Norths 1 54 40? 

Sun'8 Altitude,— 4748 >to find tht Dcclinat. 

Hour from Noon, 32 1 2 3 P» by Cafe the Sec. 

plate 6. Proje&d as Prob. ^^ 

Which being ^one, and the Perpendicular 
Z e let fall by Solution the Ninth 5 the Ope- 
ration is» 

* > 

* 

As Tan§. Comp, Z />, — i — — 3 5 20 10.14948 

To Radius 5 — — ■■'■ 10.00000 

So Sine Comp. Z i> ^, *— — . — - 32 12 9,92747 

To Tangent i> e. ■ 30 57 $^11199^ \ 

Then by Conclufion this Sixth. . 

« 

As Sine Comp. Z p, -— 3 5 20 Co ar 0.08841 
To Sine Comp. e p\ — — 30 57 — — 9.93329 
80 S|ine CoDQp. © Z, -— - 42 12 »-^f--^ 9.8^970 

To Sine Con^p. © f. -— 38 51 -«••«« 9.89140 

ToP^- 3057 

Add ®f,— 3851 

Sum ia © p, 59.48 the Complement of Be- 
^linatiop, which taken from 90, leaves ttoi2| 
the Declination riquired. ^ . 



For 



r 



L 



Afironomy. 12? 

For other Methods of Solution, fee Cafe the 
^hjrd, of Oblique Spherical Triangles. 

PROBLEM IV. Pfate 6. 



pg- 



^ 

)' 



Given the San*8 Altitude, Azimuth, and 
Hour from Nbon, to find the Declination. 

Altitude //©, — 47.487 

^Azimurh (•) Z l\ 131 52S.tafind the Dec. © p; 

Hour i*,Z, -*— — 32 1^3 by Cafe the FcJurtb; 

» 
Projeflion upon the Plain-of the Meridian P C 
j2>^ draw the Azimuth Z © N, to make with 
the Primitive the given Angle © Z P, 13155^5 
draw the Parallel h © r, ditlant frqm Z, equal 
to the Complement of Altitude 4a 125 and 
where that cuts the Azimuth Z © N, as in ©^ 
18 the Point the Sun is in j therefore through 
the Point ®, by Prob. 4, of Spherical Geome- 
try, draw the Meridian p © *?, to make th6 
given Angle 32 12, with the Primitive at /s 
and then the Triangle is finifhed. . 

Now in the Triangle 2i P ©, is given Z ®, 
the Complement of -Altitude, ® Z p the Azi^ 
muth, and ZT (^y the Hour to find ® A the 
Complement of Declination, by Cafe the 
Fourth, of Oblique Spherical Triangles;, 
where the Cafe is propofed in the fame Num- 
bers 5 and therefore 1 /hall not make any Rcpe- 

G 3 tit ion, 
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titiol^ bat refer the Learner to that Cafe ; 
the Coxsplement of Decollation is dp 50» and^ 

confequently the Declination ao lo. 

PROBLEM V- Tlatt 6. 

Given the Sun's Altitude, Aziniitfbi andt 
Hour of the Day» to find the Latitude. 

Altitude, - 47 4^^ 

Azimuth, i^i 5a >to find the Latitadrby Cafi 

Hour, -^ 3 2 I a ^ the Fifth. 

The Data and Projection if the famei at in 
Prob. 4 'y but by Solution the Ninth, the Per* 
pendicular falls without, as in Plate d, pig. 41 
then in the Right-angled Triangle, Z D Q)^ 
Right-angled at 2>^ there is given the Hipo«^ 
thenufe, Z ©, 4a la, and the Angle, © Z D». 
^the Complement of P Z 0, to 180) viu 48 8^ 
to find ZD. 

As Tanjg, Comp. Z ®, — -~ 4a i a 10.04a 51 
To Radius^ : ■ ' " ■ 10.00000 

80 Sine Cemp. ® Z D, — — -^ 48 8 9.8243^ 

Ta Taag. Z D. ■ ■ ■ ■ ■■ »m ■ — ■3111 9.iti8y 



Thtm 



■ • « 



. Aftrm'omp 127 

Then by Ct>nclufion the Sevcpth. 

» 

jtsTang^ -— ^ (i) P Gj^z'TtUo ir 010084 
ToSinezDj-l-^^— 31 ir«— . p.7J'4i4 
So Tang* © ZV^ ]^ 4& 8 .— ^^ 10.047 5? 

To Sine JP Dm ■ ■ ■ ■ ■ di^ 33 •-- —, 9.9^2 57 
FfontPDr^^3? 



Eefts P Z% 3 5 XA the Cortiplemerit of La titu 1e 5 
ktnce tne Lalitude required U 54 38^ 



PROBLEM VI. PUtei. 
. . % 3- 

/^ GfTen tfie -Sufi** Altitude, Azitnutb^ and- 
Hour of the Day, to find tt:^ Angle of Fofi- 
tion. 

Altitude, 47487 * 

Azimuth, 1 3 1 52 ^to find the Angle of Pofition, 

Hour^ -« :3f ^irbviuthc An. Z® Pyhy Ca. fix. 

Projeftcd as in Prob. 4, the Perpendicular" 
falls without from ©, as in Prob^ 5. (See Plate 
^, Fig. 4.) then ia the Right-atigled Triangle 
;^ D ©, is giTen, as in Prob. 4, to find the 
Angle 2 ® D. 



f 1 ' 



Q ♦■: . ■; .; ', * *• 



* » ' > 
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As Tan^. Comp.O Z D, ^ 48 8* 9.9524.0 

To Radius 5 . — t lo.oaooo 

So Sine Comp. © Z — .IpTTa 9.8<J'97d' 

To Tang. Comp, Z ©Tj; '..1-:^- 50*25 9-9n3Q 

Then by Conclufibn tfie FiftH/ 

As Stne Comp. © Z A — 48 '8 Co ar o.t^j6x 
To Sine of z ® D ; — — 50 25— — 9.88^^88 
So Sine Comp. © RD^r^p 12 :-.::i, 9.9274.^ 

^ToSincof P® D. 7T43— — 9-989-9 5 

From the whole Angle P © D, 7 7 45 
Take the Angle Z ® D,*-^ — ^o 25 

Reft the Angle P®Z: rcquir. f 7 j8 tl^c A^gla^ 
of Pofition. 

r * 



• • 



Plate 7. PROBLEM VIL 
Jig. I-. 

' Given the tatitudr, AltTtudi aiid Szimutfi, 
to find the Hour. oif the Pay. _ - - 

Latitude North, — ^ 54 4o7 

Altitude of the Sun» 47 48 >to fi. theH. ofthc 

Azimuth, ■ — 1 3 1 52 jD. by C. the Sc7. 

J fhall projeft xthis .upon the Plain of the 
ll&izon, whofe Poli; ot Center is the Zenith, 

the 



I 

I 




119 

the Point at wbich tbe given Angle falU$ 
therefore. 



• V 



PC Qi^ then is n j the Meridian of the PUce. 
Draw the Azimuth a z by to- make with thp 
Meridian, the given Angle, 151 52, »t %y by 
Prob. 3, Cafe i, of Spliwcal G^Hi^try? then 
by Prob. 1>, ftt*' feff'tbc Complement of L^ti- 
tadf^ 3 f 20, from >Z to P, and the Comple* 
ment of Altitude from Z to ©, and th'K)^^ 
the Points P and ©, draw the Mcridiai\ W P 
© r, by Prob 5 $ and then ^ou have fini/hcd 
the Triangle Z P ®, in which there is^ givefi 
P Z, 55 20, and Z ©, 42 12, and the Angte 
P Z ©, 151 52, to find the Angle (S) P. Z^ by 
Cafe the Sevcfnth. * * -^ . 

Here by Solution the Ninth, 'th^e perpendi- 
cular falls without, either from © ©r P: ^ 
fhall inftance in the Former, and then in the 
Right-angled Triangle, Z <? ®, there is given 
the Angle © z e (the Complement, of © ^ i?, 
to 180) 48 8, and the Hit)othcnu£b ® z> 4? 
1 2, to find Z ©, by Cafe the Firft. 

- » . 

AsTartg* Comp. ® Z, — — — 42 12 10.042 ji 
To Radius 3 ^-' ■ — ■• ■ ■ lo.ooooo 

So Sine Comp. © z * — 48 8 9«82438 

To Tang, e z. .^^-~~ ■ ■ ■ 3111 9*78187 



G 5 Then 



y 



Then by Cmdtt&m tht Serenth. ' 
-B^iT^jf **^ ^^*»^Jtftf3iCoM 0.037J4 



!*■* 



Thk 3 » I tt rediioecl lo Time, gmt & Honrs^ 
9 Miniitcft the Hour from Noon reqviied. 

pla^i 7. P R O » L E M Via 

Givtn the L»titude,. Altie>iide» and Aiinittli^ 
to ind the DecUnatian* 

Latitude N^fth, 5440^ 

jllritudet ■'" ■ ■ ' 47 48 ^to find the Sun*s Etec!^ 

Having proje£lcd it, and let fall the Pcrpen- 
Ocular* and foimd the Bafc z ^ «f m Pf ob. 7, 
which is there ^bund to be yi ri,' proceed by 
Conclttfion the Sixth, thus ^ 

As Sine Compb M '» — — ii 11 Co ar 0.o6^y^ 

To Sine Com. z © 9 -^ 4a 12 — — 9.85970 

So Sine Comp. P*, — — ddji — — 9.(^0041 

To Sine CoQip» © y. — — 5^ 4J — -- J. J 3 788 

The 



' The 'Cdmp^meti cJf i)edm^ C^ 49^ 

iiiSftrsided frdto pp, gires 20 n, tKc'Dcdiwu 
tion resiled. 



.. t ' 



* R O B L E M IX. /^<tf* 7. 

.,..^ , .. .. ^ ...'%''' 

. Givea the lUtitade». .A»tmurh» ; iMid Haiir> 
to £nd the Declination. 

iiAtkttde Norths 544a > 

Azimutby -^^ — 131 ^%y^to find the Sun's Dec. 

Hour, -^fi^w-i— 3a li jyby Otfe tbe Ninth. 



.; ; To projca iehs9 ifpo» the Plain of the Wetf* 
ili«n, becaufe the ^veft Ai^glec ftte at the Me- 
^idiaoi and the given $iAc is aiiAr^^b thereof* 

P C g»; fc* the .C u mp teme nt of Latftude, 
?5 20, from Z to P,, and draw P »s; and, at 
JligP^vaoglet, there to^ draw E Q^ then* by 
Prob. 3, Cafe a» of Sf>hericat Geometry, drtt\)i(. 
jp © 5, to make the given Angle, 32 12, with 
the Primitive at P, and (by the fame) draw Z 
© », to make the giv.da Angte> 131.52, with 
the Primitive at Zj and where they int<rfc£l 
each other, as at ®, determines the Triangle, 
a:^PTS>, in wjiich isgiveri, » ^, 35 26, an^ 2 
P ®. 32 12, and.® z^yi 1^1-5.1, tofind© P, 
the Complement of Declination. 

G 6 Here 
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. Here the Perpendtcalar (by Sdutjomp-) n^ff 
fall upon the Side © z, contimied, ; wfaicbi fox 
llluftration I have annexM to the Scheme; 
then in the Triangle Z e P^ is given e z Pf A^ 
8, and 2 P, 3 5 20, to find Z P e^ by Cafe the 
Third, of R^ht-aagkdrlSplverieal 'triangles. 

« 

m • '. 

As Tang. Comp. P 2: e^ — 48 8 $1.^ ^^40 

To Radiul 5 ' • ■ '■ ' i ' — ■ 10.00000 

So Sine Comp. z P, — — .^— 3 5 *o p-.pi 1 58 

To Tang. Comp. z F ^. — — 47 41 p.95918 

. Then by Conclufion the Eighth.- 

As Sine Comp: ^p 0, .^79 53 Ccf ar <3.75534 
To Tang. P ^ 5 — —-*, 3 5 ao — — p.85059 
Sp Sine Comp. ^ p Z, -^ 47 41 — . .^ 9:8181^ 



To Tang. P 0. ' 5948 ——10.43409 

, ■ ; • 

The Complement of Decliiiation beiug 6^ 

48^ the Declination: required m 20 ]62. 



P&re T. PR OB L E M X. 

fig. 3. 

Given the Latftude^ Aximutb, aniT Hour* 
tafiiid the Angle of Pofiticn. : 

Latitude 




m 

Aasimutb,^: — • —131 52>tpfind:tIieAng«^of 
Hour. -— - 3 2. 12 3Pofit by Cafe 10. . 

Proceed in FrojeAiotn, and Calculatii^n,^ as in 
P^ob*.^ till you find; the Angk ^ Rh Wbidb 

. Then by Canclufian the Fifth.. • 

As Sine of z P ^t^^ — — 47 41 Co ar o.i»3 109 
To Sine Gomp. P ^.z? $ — 48 8 — ~ 9.81438 
So3inc Comp, e P (j), — j^ 53 ^—.2.99319 

To Sine Conop^.f^ © f, — ay ^9 — -^.g/j^i^Sda? 

TWs a7 19^ is the Angle of Pofition re^ 



P ft O B L t M XI. ' 'Phte-i. 

■;■■".-, •.. •■.••.. %.*» 

Given the Sun's Altitude, Declination,, and 
the Lajitttdct^f the Place, to &nd the Hour of 
the Dsty. 

LaJtitude Northi 54 40*7- 

Dedina. Nofth/'ao 1 1 >fo findthe-Hourdfthe 

Altitude. '^ -47 a8 jDay by Cafe the Elev^ 

s . _ • ' . 

fto-jtS^oH upon the Fhin- of the M^tidran, 

PCQf 



PCQ^tst the Com^iiAtnt iif I^itiM^j )fs 
jb, fnMD Z'to P» and draw P'lS; and dt Rtglir« 
angles thcrccot draw £ j^ to reprffent the £«- 
ijaator ^ draw the Parallel of Declinatioo d e^ 
io ' 2| from the Bq«at6r, and the Parallel of 
Mtttade h r, 4T 4^f *bi»Te tht Hoiixonf C^^ 
Prob. 7, Var. 2, of Spherical Geometry)' and 
where thoie Parallels interfeft .each other, (as 
in 0) is- the P^int the ^n is in at that Time $. 
then through 0, draw the Meridian ^ ®S^ 
and the Asimutii 2P'®-^ and thcf Triangle Z- 
ff ^h finHHed, in which you have given, k /^» 
^5 ao, z^i ^ ia^,"and P ©,.ifi9 48^, to fini^^ 
^~f"0pby Cafe the Eleventh, the Operatioif > 
poMdednipoft ixfnchifioffr ^ke Twelfrb. - 
. . , , f - • • • , 

As Tang, i the Bafe P ©, — 34.54 oiftfjft^ 
To Tang, i Sum of the Sides? ,« ^it^^r.^^. 
zP;andV©5 \iU6 9 90My 

So Tan. ^ Di^- of the iaaie($id; *^.i6 8.7781 1 
To Tan. i Di£E; Segm. of the Baf. 3.57 8.83924 

To Ae half Bafc P 0| r-rr- -r-^r— J4-54 

Add ^ Diff. Segments 3 —— — — . 3.57 

Sum is the greater Bafc <?,——• 38.51 

' Difference is the kfl^r Bafcf P. •—505.7 • 

. . > . . ■ . 

Then in the Right-angled Triangle P e Zi i« 
given P ty 3o,57*.P.Z, 35 ^o, to fedT. the in- 
gle P» by Ca& the Fourth. 

As 



h% RadittSi ■ ■- — — " ■■ " lo.ooQOO » 
To Tang. P 0h >■ ' ■ j"^ -.^^ 40 57 9i777»t 
80 Tai^Comp. P Z, ■ 3 S *o 1044940 

To Skat Comp^g-^Zr' ■ 1 ■■ ^a 14 9.91731 

The Angle required > 3 a 14, converted into 
Times». givet two Hours 9 Minutes, the Hour 
fiom Noon required. ^ ~ ^ 

But if the greatefl^ Angle ("wu^t Azitiiuth) 
]k«d been required ; then by Axiom the Third ». 
asd the Rule, deduced mre^iroaL ' 



Z P, -. 3 S a o 

• g 01 > I ■ -: —42.12 

p ® , 1 5^.48 



I 
i . 



Sum, ■ "' ' ' •— * 147*20 

X Sxxvdy . ^ 73.40 

' '■■ — — • ■ ' ■ " 6^ 40 



Oiff. '^ " ■■ ■ 5? 5 a 

;r P»: 35 AO, Sine Co ar~——-— -0.2578ft. 
Z®> 4a 12, Sin? Co ar——— ——* 0,1 7 281 
i^ Slim, 73 40^ Sine ■ .^,^.98211 
Diff 3 52, Sine — .8.82888 



MM 



Sum^-^ip 22i6ta 
Sine Comp. of ^5 59 »^ m— •— . .— ..-^ 9^dioSi 

^5 55 



Doubled is,^— 131 10 the ^^imath required* 

P R O- 



Plate ^. PROfrlrEM^ XII. 

Given the. Asimutb, Hoar, and Angle of 
Fofition, to find the Latitude. 

' T - ■ '* ■ 

( 

Azimuth, ' I ? t 5 27 - 

{{our, — — — — 32 i2^to find the Latitude 
Angle of Portion. 27 19 J*1>y Cafe the Eleven. 

In the Pfojcftion of this, I fhall not trouble 
the Learner with the common Way of turn- 
ing the Angles into Sides ; but lay it down 
in its broper Appearance) from what is given, 
fuppoung that to be much more inflru^ive tQ 
the Learner, and to give him a better Idea of 
what he rs going al^ut 5 and Hull projefl it 
upon the Flam of the Horizon. . 

X 

Draw the Primitive Circle, and crofs it with 
the Diameter n S^ to reprefent the Meridian $ 
then is z the Zenith : I>aw the Azimuth e g^ 
to make the given Angle 131.52, at 1^ by 
Prob. q. Cafe i, of Spherical Gednfietry ; now 
becaufe the Angle at P is 32 12, and the An- 
gle at © is 27 195 alfo becaufe the Quantity 
of Angle is determined by the Pittance of the 
Poles of thofe Circtes, that contain the Angles 
(byProb, % of Spherical Geometry) it is evi- 
dent, that the Pole of the Circle to be drawn, 
muft be diftant from the Pole of the Circle n .% 

eq^ual 
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equalto the Angle at P^ viz. 32 17, and from 
the Pole oif the Circle r z ^, equal to the Angle 
at 0, w. 27 19 5 therefore draw the Paral- 
lel h i, diftanli firona w, the' Pole of ir P /; ja? 
»&,• ec{ualto theAn^le Ai P (by Prob 7> Cafe 
25) and (by the fame) draw the Parallel l^^m^ 
diftant from w, 27 19, the Angle at 0, and 
where tliefe Parallel^; eat eacil other, as in 0, 
is the Pole of ^he Circle ta be drdwn^ then 
tht6ugh* o> «alid«thfe Center «, A*aw the Lifte ot 
Circle a x h^ i^P^ Wtbjcb (by PmK 99 of 
Spherical Geometry) kt dflF 90 E)cg»ees frorA « 
to r (becaufe e^ery Circk i« 90 Degrees diftknt 
from its Pole, and through r, draw the Ob- 
lique Circle c-rJy to cutthe^Primitivc in the 
oppofire Points c and </, it will cut » 1 i in p, 
aild ^ r^ ©r ««d tfcefi J« the TrUn^e Z P 
0-fi« ifh ed, and the Side Z P meafured (by 
Pt^b.<8,-Crfr-it,-t« J f-OTTtheCompteifetnt hf 
LMitade- r e qui r ed. 






— Btit-beeaufe it is more common for Learners, 
to^ projeft upon the P4«fl of the Me- 
ifidiafi ; I fhM alfo give thatVariety Plate 7. 
front the Rules and Reafom 6efore^. fig. f . , 
mentioned. 



<w -• ai V •^ » ' »«• w 



P C Q^ draw jj © », to make the given An-^ 
gle 191 52, at Z) with the Pl'imitive^ and find 
its Pole ^ at 27 19, from which, equal to the 
Angle at ©, draw the Parallel c m n^ by Prob. 
7, Cafe 5 9 and at 52 r2, from the Pole of the 
^iDftitive (a) draw the Parallel i c n y and? 
where the ParalleU cut each other,, as in u (•r 



4| if the Trjtni^e msiB to ife pr6jeAed in the 
lowcf Pkk of ^e SGheme) i» the Pole of the 
Circle to be.drawo; fetrsio Degrees £roaiit to 
n and draw the Circle P rd^ tQCUt the Pri« 
miciTe in the oppofite Poifitt oad. d^ . ^nd. 
'ti« done. 

The CtUttUtton i» the fame in both Proje^ 
fiions, Wi. Take . the Gomplement of the 

{(reateft Angle to iBo» add that «nd the two 
efler Angles togetheir» sAd ftom the half Snnii. 
iubftrafl the Angle oppofitrto the Side re^ttii 
*fed» and proceed as ia Proh« it.. 

EXAMPLE. 

The greateft Arnglet 

Tts Compleiiiem> 

Angle z P ®t 
Angle z ®Pf 

dam, , ' >■ ■ ■ n „ 'm^m0m^^ 107 5^ * 

Half Sum, ^^ .^ ,.^m^. -...^ ««» »^ 5^ 49^ 

Angle oppofire ft>.^ide itqiuredi --^—^171^ ■ 
Eennunder, «»*» mm ^^^ »» .^^^ 2^»3oj^ 




< ^\ 






' •» , • • 



e 






e-T^Pt Co sir— — ~ — — ~ — o-iaSoir 
^P ©, Co ar — — .^ •^ — — — o.»7337 

Half Sum, 53 49 i •— — 99069^ 

Jlemaiudcr, — ^ >— — •— •r- — — 9.^49(^5 

Sine Cotnp. 17^^ ,-- — — —.-. 9-9790^ 
Doubled, is 3 5 20, the Latitude, or Side Z: 
i> required. 

Thus much for the Applrca^on of Oblique 
Spherical Triangles in QuefKons of AflfotiO- 
my : I flirfl inftance in one (^eftion more*. 
%i%. In a Quadrahtal Triangle 5 and thf n fup-» 
pofc there will be Variety fufficient (with due^ 
Application) for the Learner's Improycmcfti;,. 
in this Part of PraSical Aftronomy. 



P ROB LEM XUL 

The SanV Declination, and two ^M&retit 
Latitudes uodcr the fame Meridian, given to 
find what Hour of the Day the Sun's Aki^ 
tude is equal in bbth Latitfides, and what it- 
the Sun's Altitude that Time; ♦ 

The two Lat. Nortli.-J^Jo o > to find M above.- 
Declination Konit —»>} 303 

1 

pa.o»- 
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P C/^ with' the X'lncsJ' ,$; and E Qj fet 
flic given Latitudes from P to 50, and fcom P 
to 70, and draw H 50, for the Horizon, to 
Latitude 50, and Hjo^ for the Hori^n, to 
Latitude 70 (because the two Places have dif- 
ferent Horizons) draw r m^ equally diflant 
from each Horizon^ and draw the FaraUel of 
Declination f ® Uf diflant from P 69 48, equal 
to the Coinpicniffnt of Declination : Now it i* 
evident, The Sun is fbme where in the Line r 
Oy bopcaufe it is equally diflant from both the 
Horizons, and it is in the Parallel t «, becaulc 
that is the Parallel of the given Declination 5 
therefore it muff be at the Interfeflion at the 
Point ©: Then from 50, fet po Degrees of the 
Chords both Ways, to x and N, you have the 
Zenith and Nadir to the Horizon, ff 505 fet 
90 of the Chords atfcT b6th Ways, from 70 to 
c and ^, which will find the Zenith and Nadir 
for Latitude 7000$ draw the two great Cir- 
cles ^ ® N, and r © A, they are Azimuths, to 
tach Horizon, the Arches C ©, and Z © (bei* 
iHjE; .eaual) is th^ Cqmpleraent of the equal 
Altitudes in bpth Latityde^ and the Angle 
P the Hour when the Sun's Altitude is 
equal in both the above-mentioned Latitudes. 

Now in order to Calculation, there is- givem 
fn the Quadrantal Triangle ® PO (befides the 
Quadrantal Side P 0) the Side P ®, the Com- 
j^orisni of Declination, 66 30, and the Angle 

©a 
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® OP, 50 o (bdng ihe Complement of the 
Middle between the two Latitudes (which 
here is 60) to a Right-angle) to find the An- 
gle €► P 0, the Hour after jS Jn the Morning, 
or before 6 at Night. 

As Ruidiasy ■ i — — ' ■ . 10.00000 

To Tang, of © 6 /> 5 30 o 9.75144 

So, Tang. Comp. <5); jp^ ' 1 ■ ■. 64 30 9.6^9^0 

>*i « » n il .x 

^To Sine Q p 0. - . . . ^^« — 14 ^e '5^.39974 

< 
Which converted into Time, gives 58 Mi- 
nutes, t)it. 58 Minutes paft 6 in the Morning, 
t>r a Miftutes paft 5 in the Afternoon. 

'' Then ih the Triknglc r P ©, there is gfven 
r p © (the'CompJetacnl of'® P 0) 7.J 1^, and 
th« Side f P ao o* inS-p ®ys6 30, to find c 
®, by Cslfe the Eighth; df^Oblique Spherical 
Triangles, the Perp<indicttlar (by Solution th^ 
Ninth) ^feUiog within, viu From r, upon the 
Side © P, to the Point ». 

ftf '^*°?- ^*^"^P- "" ^' « ^ o 10.44802 

To Radius* __ ^ ^ 

60 Sine Comp. c P n, -. .75.28 SKffs^tT 



t* . m i i * m 



To Tang. » f . i. — ^' j ij. ,.^50^4 



I •» « «■ v- 



Then 



Aj^rmonrj. 

' ' Then by Conckifion ihe Sixtli. 

As Sine CotDp. n p, — " ■ 5 1 3 o.ooi8ci 
To Sine Cotnp. Z P j-— — 20. o 9.^^%sl^ 
80 Sine Cemp. ,© «i -~— — di 17 9.^81^7 



MB 



To Sine Cotnp- Z®. — — — dj » 9*^5^45 

The Complement of which^ 2^ 58, ts^ the 
AkttiMk<Tequired» and the Hour before found 
X% Miflmte« jpftft'^.y^when the Altitude and 
jlour i$ the uime in the two given Latitudes. 

I need not repeat the Operation fof the Tri* 

itngTe z P 0> becaufe it is evident by Conftra- 

ftion, That Z is equal to r ^ neverthe- 

lefif for the move certain Proof of the Tnlth 

hereof^ I (hall ^nyert the Qjjeiiioiii and ta^o 

the Altitude .(qov ibu^d} ad 58^ the Dedina* 

^ion,2j %Q^ and the two giFea Laititudoi .jo 

(ind 70» fevecally, to find the Hour by Ca(e 

I a, of obliqHe.Sf^erialTrianglei^ and firft» 

For Latitude ;0t 

40 4 0.1919? 

dd,;o 0^3'^'^' > . - 



< ^ 



*^5* f.5d855 






84 4d 19.79(^14 Sun. 

d} 2 9.8981a Half Sum. Sine Comp. ;7 44 

?74* 



ai44 

Doubled, 7 5 aS 

Whofe 



jtpmmf, .HI 

4roi» ^ ircf uirca^< — .1 
_.. - Then for Latitude 70. 

zo o 0.4^594 



• I » 



14953, .5)1. 3pSta<r, : : ' f - r 

74.4<!rj^9479<^*<^Stt«?^ .^ 

(^3 a 9.89815 Half 5am. Sine Comp. 37 44 

37 44 



II 44 

Doubled, 75.28 

WhofifcJ$i^i|0^^ b |B«^ Houf 

from 6^^^^sih^wif^^h^^^^ the 

NOT iE>^4Jhb TirctBlem flfeiy Ixrfolvcd by 
"finding the Tife^^S'^^Xiby ^hen the Sun i« 
in the Prime Verlfcir^: <»f Caft or Weft A»i- 
muth) of Latitude '60 (^ middle Latitude be- 
twecn 50 and 70) 'for then is the Altitude c- 
qual in Places under the fame Meridian, and 
equally remote $ therefore you have, as in 
Prob. 1 1, of Aftronomy Right-angled, the La- 
titude of frjp ^}^^9 and the Sun's Declination 
given, to'End What Hour and Minute the Sun 
will »be due £afl or Weft by the following 
Proportion. 

As 
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. Ab 'Radius, - 11 11.-;^ — !__ "f i, - rb-ooooo 
To Tang. Comp. Lat. . tfo o Ipiyft^^ 

So Tang. Declinaiion, -; — ^ — 13 50 5.(13830 

To Sine of the Hour. 143a 9.39974- 

This 14 31, converted into'Time, gives (8 
TAtnutes paft rf in the Morning, or i Minatts 
paft S in the AFtemoon, agreeing exa£Hy-wrth- 
the Operation in Page 141 ; ortly I thoiighifit 
to infcrt the former "Method, bccToiVrts Solu- 
tion depends upon a Quadfantiil Tfiatigt^ 



CHAP. 



«4J 



C H A P. V. 

Of tht ANALEMMA. 

S E c T. I. 

(^ the brthographick ProjeUm if the 
Sphere, by fime caltd the ANA- 
LEMMA. 



ilRTRoeRAFHiCK Pfojeflioi) of 

i the Spherr, fuppofcth the Eye per- 

>endicular to the Plain of (h;it.great 

jircW, upon which it is projefled, 

and at an infinite Diftancc from it, 

^nd.is mod commonly, ^antl indeed, mofl in- 

telliaibly, perform'd upon the plain of the Sol- 

fliciai ColuK, vk. the Meridian that intcrfefls 

H the 



H6 • T^ Jndlemma^ 

the EcTlptidc, in the Tropicks of Cancer and 
Geipri^dm.: Fat the pvojefUng wi tteafmri^g 
the P4r^x>f the ^aIej»BM« there 14 only Sines 
a«d Chords required 5 the Prfcnitiye Circk i$ 
fneafuT*d by the Chords^ the right Circles by 
the Sines, and the Parallelt1>eiagflrft reduce^ 
to the Primbiye, are alio meaCiired ttpon it by 
the Chords. 

I have inilatlced..p at^ Or^Jli^gtiphickPro^ 
te£tion of j^he Sphere /|pr .t^titvilfc 54 409 
Norths Sun's pe(ent Declination 10 12, North 
his greateft Pcclipatiotl fupposM to, be i; 30. 

Extend your CompalSea to 6<i of th# Chords* 
and with one Foot in the Center a^ de- 
fcribe the Circle Z H N 0^ and 
fy^ 9^ dra^ Z Ki.thc prime; Vrt'tlcali atid 
Bg. I. HO, the Horizon f then fct 54. 4*0 
(the given Latitude) from 6 to P^ atid 
from 2 to ^, and from //ito \Si and from N td 
fij and draw P S the Axis of the World, 
^ndJE i^the Equator^ then becaufe the Suxi*a 
gr^ateft Declination is 1^ 50, take 23 50 orf 
the Chords, and fet froto j£ to £, and from 
^toC, and draw E C to rcprefettt^the PcVip* 
tkki Set off the Chord of ao 12 ^the 'Sun's 
prefent Declination, from ^ to ^, and frorft 
Qci and draw the Lme k e^ which' is the*'Pit^ 
JJllel of -Declination for ao d, t^ tA, Norths ^ 
I h is a Parallel of Altitude* 









;■„.''' ; ■■'... A«tc« 
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Ajxbcs of jblK Primitivp^r mcafiilr'd upon the 
Chords. , 

P p is \l\t latftudc 54 i6|. , : . 

p z the Copapl^d^cnt of fcatitudc ?$«<?# 

aiffi -E the Sun's greateft Declinatioa 13 30, , 

^ t the prefent DecUnation ao 1 2, 

K the $^'s Alji^d^ at d, ax:loct i5 at. 



Arches of righf Cii;clc« m^»r*d on tjie Sxoem^ 

tf e the S^'s prdeii't Dc^ljinatjon ao i i, 

af the Sun's Amplitude 3d 40; from the Eaft^ ' 

« ,© the Sun'* K^ngiiud^, <rp^ 00, . 

4 d the ^uq's ^ritW^.wh^n gaft or Weft a j 1, ? 

tn f «V.,$,¥a*f;.^Vt^q.i^^^ in -tlic Poii^t ^\ 

» » (beittg equal to e g) is x<^ ai the Sun's Alj 

-J •'t^''f "'*'' x»''L '-dj *'A '^^ ' 1 : I • k ' 

. ArcftcSjOt .K£^r.C}rp??l^o. be redaced ti^^ 
Xlie^mmxtiv-^iffAJt^Cufli by. ^cCkorO* ,. 

J, Xat.SwtXh* . I' , ■ r i_ vi. Or tt-i j«« - 

^- tne j^i^tty . "• •! 1 ' "^ \ 

^ f ifce/ HQ^i»J(ro9Ly(r, th^t the Sun is due feaA 

My the Sun'i Azimuth From the Eaft or Weft at < 

in* 
*fxhii Afceffiona! Difference,? i itf, 
' '» Ad'WgHt Afcctifion 57 48. 

H » ficir>ire 



;i48 The Analemma. 

* « 

Before I proceed to any Aftronomical Pro* 
blems, it will firft be neceflary that the Learn- 
er underftand how to reduce a lefler, or Pa-, 
rallcl Circle to. the Primitive, fb as any Pari: 
of the Parallel may be meafiir'd upon this 
Chords. ' 

1. Take half the Parallel in yourCbmpat 
fes, and (zt off from the Centej pi the Primi- 
tive uponany right Circle, Where' there is mo'ft 
Room, or Conveniency 5 ,and where the other 
Foot of the Compafles fiill^ make a Mark. 

2. TjJce in the Compafles, tlic Part of tlic 
Parallel to be*nieafar*d^$ andVjih onciPaotTii' 
the aferefaid Mark, turiftheotheir Foot about, 
and make an occult Arch. , *' 

3. Lay a Ruler from the Center o'f the Wi- 
mitive, fo as juft to ^ouch the Extremity .of 
the faid Arch, and pbferve ^tiere the Ruler 
cutff the primitive, making a^Mai4c.' * 



4. Extend youf 'GdmpaflFi ^ni,rte:'M^t1c 




rjifui 
the r hords, gives the-Qdantfty of thr Arch of 
the Parallel rcquir'4. 






EX.^ivtr 



Tie Anakmma. ia^ 

EXAM PL E. 

.1 ^i'H r**'"" the Parallel ^ /, to Plate ;,. 
the Primjtiw, ,n . order to njeafure Bz z 
the Arch iV, of the faid Parallel. ^ 

Take the Extent / k. in your Compaffes, and 
fet ,t from a to r, upon the right Ci^rle d a 1 
then take . /in your Compaflfs, and with one 
Foot in r, defcnbe the Arch ^ ; a Ruler S 
from a, to to,Kh the: Extremity of the A ch I 
Will c« the Primitive in ., and the Arch /: 

wST/i^^uSf;*^'' give, the Quantity of 
"°^S' To r« off any Number of Delr«s 

• EXAMPLE. 

'. ■ ' ' • • 

It is retfuired to fet 40 Deereea fr<^^ \ «„.« 
the Pmllcly »; "'g^M 'ro.n r upon 

■ Mid draw the Line « / j fet r r from ^ to x thf n 
with one Foot^f y6ur CompaflS in^' tak> 

?aralleL . * *^^.gfe« '<» that 
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lyo The Analeinma. 

S E C T. \l 

i 

Trchlemf in AJhonomy fohed by the Qr^ 
thographick Pr{i^i^m. - 

Plate 9. PKQBLEM L 
Fig. I. 

f>- cThe Sun's Long, tfo o^ Keqa. Sun*j» 
^.Oreatcft Declin., a} jq^F^ii^t Dec. 

I (hall in tbis, as in the {apie Problem ^ 
Stcreographick, projeft it for the Latitude 54 
40, that the fame Scheme may ferve itk other 
Cafes, where the Latitude is given or tequifM* 

Having drawn the Axis of the World, thie 
Prime Vertical, the Equator, Ecliptick and 
Horizon, as before direSed? fet the Sine of 
i» 60 00, the given Longitude from a to ©, and 
from © take the neareft Diftance to the £^^ 
noftial JE, Q%^2it which Diftance dra^. the Pa- 
rallel of Declination ^ r, it cuts the Primitive 
in b ancj r, the Arch ^' b'^ or J2^;c mea&'r'd: o» 
the Chords, or a ^ meafur'd on the Siojeei, g/ivctl 
20 12 the Declinaiion re^uit'iL, ^ 

fUte^. PROBLEM IL; 

^- f Sun's Longitude Co o7 Reqti. right 
Oiven -^G^gj^tcft Declin. 23 30 J Afcenfion. 

In the Scheme as PtQJcfted before the Arch 
i S ^ Ac Parallel & Declination b r, reduced 

to 
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ft 

to tlie PrimitiTe mi befbte dirtfted^ giVtf 57 
i|S die right Afcenfipa jce^rM* 

NOT Ey The right Afcenfion i* j^rdperl Jr wi 
Arch of the Equator,, intercepted between the 
aeareft Equino£):fal Pbint, and the Point where 
a Meridian drawn through (3t> Gat$ the Equa- 
tor 5 but io'this Proj^arofi; the M^tidhths be- 
tween the PrimitiTe and its Center, not being. 
Circles^ or PartStof Circle*, arc ^lot.to beat* 
tain*d but by Approxitnation, i)/i, b;y finding 
(evetkl Points thrpGgh which they are to be 
drawn, which taSes^up a gf^at deill of .Tiifte^ 
and renders the Work very trouWcfomfe'J and 
this Way of Reckoning the right Afcenfion 
upon the Parallfl being exad, and much ni6re 
ea^fy, I have rather made Choice of it iht faite^l 
'" ay, being equally ufefol in bthej^ Cafe^» - " 



s' 






■» ' 



•>i- f d'i greartffDet. arj -5o>t6 find Lon. 
>'^^"i®*#t«tfentDec loiijright Afcemi 

» '• •» * f t '' ' * • ', * - ~. . • . . 



'Dl*w the Prmtitiv^Tt iht A*is^ Hbrisoti, S 
^atbr^ Prime V4ltt6al,:o^n lift bdfoi'r tai^t; 
and fet 25 30 the greatcft,peclimtite1fro9i ' *" 



to jB, and from C to C, aiid drifw E C the £• 
ill^cfc ; fit tS^ vrei^ot.EkcUfMtlion fo la . 
fimtt JR iolf^ 9Ai uomQ^to r, and 4rftW tbe^ 
Parallel of Declination hA ^Mwbt^th^mtt* 
the Eclipticky as in 0. is the Point the Sun is 
^ : - H4. in 
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in, and the Arch of the Ecliprick €t ^y, meafa* 
red on the SineC) is ^o Degrees the Longitude 
of the Sun required, and the Arch ^ 57 48^ 
is the right Aicenfion. 



f tef 9. PROBLEM IV^ 

Fig. I. 

From the Scheme projeaed according to the 
Diredions given in the Beginning hereof, foe 
Latitude 54 40^ and Sun's Declination 20 ix^ 
to find> 

« 

i« The afcenffonal Diflerence. 
a. The Sun*s Amph'tude. 

3. What Hour and Minute the Sun will ht 
dueEaftorWeft. 

4. Sun's Altitude at du 

5. Sun's Altitude when Eaft or Weftt 

6. Sun's Axtmuth at d« 

I . The Arch e of the Parallel h ci meafa- 
red the fore*going Rules, is 57 48 the afcenfi* 
onal Di£ference 5 the life of which, for finding 
the Time of SunTii rifing and fetting, and the 
Length of the Day or Night. See Probi^ 8« 

and 9* of Aftronomy. 

' ♦ 

.ft. The Arch « /of the Horiton nteafiit'd 
011 the Sines, is ^^ 40 the San'i Amplitude 
from die Eaft or Weft. 

3* The 
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^ . 3. The Arch J ^ of the Parallel fc r, is 1 5 7, 
which reduced to Time, gives one Hour after 
6 in the Morning, or one Hour before 6 in the 

^Evening, vh^ 7 in the Mornings or 5 in the' 
Afternoon. 

\ 

4. For the Sun's Altitude at 6^ it ihould be 

.feprelented ^y ^Yt which iiB the Arch of an A- 

zimuth $' but there bej^jj^reat Difficulty, both 

in pFojeAiri^ and nKiai(urine the Azimuths in 

this Proje;£ijon, a^d the Arch n a of the jprime 

Vertical being. e^aL to, ^ f, (becaufe bet wee j> 

tl^ fame F<»rallelf, and, c^tting them at right 

•Apgl««»i:«» ^ I nf\eiifnr'4 . iv? the Sines, h^i6 ai 

,tbfe <Sin^'^ A^tH^fi .ast.4?^:egivrc4.' . , 

n ,,5. -The 5jM1Vs ,4}titqde yik^xf Eaft.or.Weft, 
i« f<B;pie;fenM >y -^'^ 4r^ ^hich ineafur'd on thfc 
Sines, is 25 Degrees 3 Minutes, 

6. The Arch » ^ of the Parallel of Altitude 
k,K is la Dfgreca i'Mfiute,-tK<^Siin's Azimuth 
at d, reckoned from the Ealt or Weft Northed 
ly, and its Complement e kj, is the Azimuth 



:t\. i\:.'y 



« J 1 1 ' J < I 
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PR Q BL EM V. Plate ^, 
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you c^n fiqd the Amplitude $ and by the Help 
of that, and the §iven I>etfiintk>to, you d^c 
to know yotrt Latitiide. ' 



Soppoie the Amplitude itt Suft'^A fettlfig %€ 
40 from the Weft Northerly, and the DttUtilH 
tion 20 I X North to find the Latitude, 

"' WitK the Chord rf ^; ^^t^ the frk^iHt 
'Circle, and ctdCnit at l^igfat Anglfo, y^'fth ZN 
the prime Vertical, and H ^H&HMn$ ftt 
the Sine of j(f 40 the gtvM Amplitude ^oin «f 
to/ then take in your G<wpaflea th^ Sin^of 
the Declination 20 it, and with one AM>t hij^ 

tile 



fwecp the fmall Alfch r) then 
Center a, and by th6 Cttfemity ^ the- ^Ar^ 
draw M a Qi^ which reprefents the Equator ^ 
and at right Ang^Tdi/tW^t6^ d*a# IF Jj ftcn 
the Arch F meafur^d otf At CkfOfds ji ^^ Jfo 
the Latitude fought. 

Plate 9. P R O B L k'M VI. 






Or if you cannot ^et the Sutt'tf^AMl^uAe -it 
Noon, but have an Opportunity to obtain the 
Sun's Altitude at tf, either Morning or Even- 
ing, which fuppofe to be i€ ai, and the De- 
clination 20 1 2 North, to find the Latitude. 

Ifaving dra,wn the primitite Ciwl^t^ and 
croisM it with the Dtameter«,' 2 j4 th6 prime 
'Vertidifi and HO the HUtiiion} fet ttie Chord 

iOf 



•f itf fti the giTen Altitude from H ta /» and 
from to i(^ and draw the Parallel of Altitude 
Ik'y then t#ke/in ^^ifrCdih^dM the Sine of 
the giyen Declination 20 xi2, and witK oHe 
Foot in tf, with the other crofi the Parallel / i^ 
in ^ tfaroi^h «i and the Center «« draw the 
Ifine jP r # £i the Aioh P kneafiiir'd oti th« 
Chorda ia 54 40 the Latitide feqnired* 



• >R OB lit Mm inktrr. 

dten the 9iMi'a Declinatiofr ao ra Noi^b» 
d hisAltknde when Eaft of Weft as 3, ti 
4bd the Latit«dfe* 

Diteip^tliePribfriteratid'Kmfi i^a^befbf^^ 
4ttthef Sine of'^hti Stth^d Altitikde%hen Eaff ot 
'Weft, ^n^. the Sine of 25 2 llohr 4 to ^ } then 
«with the "Sine of 20 t%' the VkAittthtii and 
<me Foot iti a, fV^P the (mail Areh e ; then 
Iby the Extreditty of thtt Ardh, atid throtig(k 
the FaiM i\ drk# th^ Pkrs^Uel bf DecHnatioA 
**<>, »nd' Mallet theifefo thYongh the Point i^ 
SMi the EMJnoClial M i« a and a^ Hght Artu 
^^a to it dta^ the Axis P 4 S\ ^ Atch ^ 
O mea&f d on the Chorda vi^ea 54 40 the 
Xttitnde. 



* -• ^ I \ 






ijtf The AikUmma. 



f 1^**9' PROBLEM VML 

Too may Mo from this ProjeSion folve thofe 
Prohlenif thtf depend upon ObUque Spherical 
TriangW} Mjfuppoie there i« ^ 



» n 



r Sup's Altitude^ 47 48 
([^i?en'< Decliii. ljfortfa^\^Qfri^^Vn> find the L««^ 
jCkii. ^romEafl, 41 5 a jitit. and Hour. 

Draw the Prjmitivet and crofa it wiA the 
prime Vertical ai^d HorijK>|ir as:^f$)re9 and fet 
the Chord of the Altitude \T^ fropa if to,& 
and from to h^ and draw g h for the Paralk 

Icl oCAlti^dc v^en^by^the Dife^pi^cgi?c>^ 
^rm^a^n^g /and letting ' of H^gt^^ upon a 
Parallel, let 41 5a the givei^ i^imuth firom i to 
j0, and .with tl^ Sine ot the g|vea |)eclination» 
and. one Foot in 0, make the {mall Arch ^ 
'through I, the Extre^iityaf which, .; and the 
Jpent^r tf,- dpiw ^ ,41 J^the E^uino&ial, (bc^ 
cau£e m^ Sun'iS Declinadof^ ia hi^ fiei^ri^ PV 
]ftfncet^c)m.thelEauipqaial,) and paijall^l there- 
<to, tjiffoj^ Jtlicroint 4$, draw the Parallel qf 
Declination i rc% alio at ri^t Angles with the 
EquinodiaU draw the Axis P d S^ the Arch P 
J8 the Latitude fought, and the Arch e of 
the Parallel fc r is 57 48 the Hour from 6y 
which allowing 15 Degrees to an Hour, and 
one Degree to j^. Minutes, gives ^ Hours 51 
JMimit^ after 6 in thc^ Morning, or before ^ in 

the 



i 
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the Evening, liu <i Minutes paft p in the 
Mornfngt or nine Mihatea ]^ft Wo in the 
Afternoon. 



PROBLEM 131:: Plate 9: 

Fig. I. 

r <5's Altituae, =iS-. 4t 4p7to find the 
Given ^ ®*« Decline Nonh, a6 fa >Aziniuth 
^Latitude Korth. ►-. 54 4o3and Hour. 

Draw the Frimitive, tnd crofs it with the . 
Horizon H 0, and the prime Vertical ZN', fet 
the Latitude 54 40 from O to P, and draw P S^ 
and at right Angles thereto draw the Equino- 
ftial^ Qj fet the Chord of Declination ao 
I a from Q to r» and from ^ to ^, and draw 
the Parallel bf Dcdination fr r 5 likewife fet the 
Altitude 47 48 firom H to g^ and from to A, 
-»n^ draw the Paraltel of Altitude g h^ and 
where tbat <ut8 the. Parallel of Declination, as 
in the Point ®, is' the Place the Sun is in , and 
f 41 52, is the Sun's Azimuth from the f aft 
tbr Weft^" tnd ©>«• 57-4! is 'the) Hour, U in 
'Frtfb* 8. • ' 

I midir have inflanced in more Problems of 
this kind, but I think what I have already 
cdone, is fuflkient to inftruS: the Learner in 
the Nmtc and Ufe o( this Projedton.. i' . 
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fhicai) lifm <m) Pkm -.«" 

■" -r, /:• ■ -. c - ■^ .4^ 

HE PB^:ai^>c# WBlljaii 'DW, 
is no more but the rrojeflirttt bf 
the Sphere, upon the plain of that 

gicrt CiriW» to which tiir Dill it 

^^ FaralleU the Mctiditrts at riwry x\ 
DeortMsDiftaace repiwfentiog tifcHoMr Lmea, 
anf the Aib ofUit W«lWC«"»»«M<«''*= 
two Poles) rcprefenting the Stilc i aa the fol- 
I9wij\g Sa»i»^e8 will make evident 
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; IkW to pmM mliorismtaiDI^l 

; A .N -HorkofKid 0mli i6 la caUe<)i, bccaule it 
,T^ k parallel to the RoriMfii aikl therefore 
if ptoje£lc4 u|p^ the Flain thereof^ t0 the \^ 
titttde given. 



sJ > 
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: It 18 Tfcqttjrod tjnr il^fiw^ »a Horkpntal ]>i|I 
for the Latitude of Landm^ %i Degrees ^ 
Minutes. 

• • • ' ■ * r 

. . Firftt Draw the Primitive Ci^^clc N Tf^S J^ 
40 reprefirnt theHorisopf and croi« it at Rifiht« 
Miglefi /withj^.,LingB N 4;. ^n4 W E^ u)» 
4te ^^eoiber: vZ ie |he SJeiifth pf tlpe . PUqe (hf ** 
cmilfe Jt is ;the F^le Af:>thf Hofi^on^ and ]^ 
Polntii AT, iS; : ft W^, afc jhe Nort^ tSoi^ 
Baft ahd^ Wirft :Fdiiit» of the Projeftiof . . % 

Then bKapfe die Pole of the World i% 4i- 
Htnttftom the.Zf^mtll $8®.a8' <Fq«^l to .the 
vConof Itnuhitof Liblt^UMle> fct of 5^^ a((i.4ipoii 
ths Right r/GiicU <^ N, hv Pr^K 9^ fipoi 2r.«> 
M ; tfaen.ii ^.the Poles Auo j^tfsanfe ^e E^g^if- 

tor is diftant from the Zienxih l^ %v ^l^ 

titude 



'f6o IHialling. 

titade giren, fet oflF 51** 52' from ^ to g> by 
Prob. 9. of Spherical Geometry J and draw 
the Oblique Vilircle ^ jg, £, 'to reprefent the 
Equator $ then from Qj.o a^ fet o£F 1 5 Degrees 
each Way upon the Equator, by Prob. 9. and 
from Q^to h^ 30 Degrees each way» and fi-Dm 
j^to r» 45 Degrees, and to ^, db Degrees, and 
to f , 75, as in the Figure^ then through P^ 
^nd the feveral Points ^i h f, &c draw the Me^ 
ridians i- P at't anil 4 i'^i a, t^t. by Ptdb. 'i 5 
which doine, draw Lines from the Ctaietz^ 
to the Points ii a, 3, e7*r. theie are the How 
Lines required* 

Then for the Stile's fleigKt, mcafure the 
Ar^h P N». of the Right Circle S N, by Prob* 
'». th« <%antity of that 'Alrcli iistbc Height 
W the Stile required. - ^* * ; J -^ 



-ir 



N T J^ If you draw your Projeftion up- 
«on the fame Piain (whether Mi^bod,Skonc,<i^<^.) 
'thfit'you 'intend to make ybdr- Dial itpop,*' ^h 
^h^ to do it^6bi[trurelyv: tk^^rWheiy/ycmhaive 
"1^iinJ^the'Hoiifs^''pmSirtoci ^uponMibosTfcri- 
n^Hefy,' tKe^otfitt Gitct^;^'^t:!\tDtLf bc-^&one 
^m it Pierfure/^krid-the^ Stile /^ma^ lie.:laia 
down, -fry feting 5'iP^?2tf^><h6<JhoM« ftoi 
N to B ; then draw the Line z R> and R N 5 
"but you maV' ifnake the tines -g R,' and* ZN, 
^lohg^r,' 6fc ftdrt«r» it Mesi^e^' t>ifiy thei Ah- 
^^t^i't ii5''W>b^^^Wiyi#Jti$qiiilito^thc L'amude 
<^f 5tHe PUc*:^*rH\ii^ji Pffecc ofitKkiiPbtH tsi^t. 
-bf the^6trti'df4hcarriaflgfe rTL W,/ flaall be 
-thfe'StelVar^^'r^A'r.ri j.i' r/.)ii :r:. u t\ . .^ 
:> i; ^ To 
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To find the Hour$ DIftances by Trigonome- 
tfical CalcuUtioo, the Fi^oportion is. 

As RAdiuSy 

To Sine of Latiude 5 . • 

So Tangent of 1 5 Degrees, 
To Tangent of the Hours Diftancc of xi and 
' I from the Meridian : 

And fo Tangent of 30 Degrees, 

To Tang, of the Hours Oiftancc of 10 and a.}r 

And fo of 45 Degrees,. 

For p. and* 3, c^r. 

This Proportion you have in* many Books of 
Diallings out no Reafon given for it, not 
DemonSration of it, as you have from this 
Prpjeftion, in which, in the Triangle P N ly 
you have given P N, the Latitude 51 9a 5 and 
the Angle at P, 15 Degrees^ to find the Side 
Ni, the Diftance upon the Primitive Circle, 
between the Hours of la »nd 1 (o» 12 and 11, 
wburh is the fame $) and you may find it 
by the Globical Proje£lion, taught in 
the iotmer Part ot this Book 5 for Ptate 8. 
fuppofing the Triangle P N v to re- lig. 3. 
prefent the Triangle P N 1 in the 
rrojeftion, you will find by the Rule laid 
down in CHohical Projeftion, that, the ?.ropoc- 
tdoa lies in the Manfion P b o and is, 



i6i ViaUi^g. 

As (P h) Radios, ■ ■■ ■» •— *** 9O.OO 10.00000. 
To (P n) thr Sine of Latitutle $513* >.8^|H 
80 rfc the Tangent of 1 5 Degrees? o 

^ the Angle at P, . , f ^'^^""^^ 

To (N i) the EMftance ujpofi'the^ 
. Primitive Circle bctwccrt tfe^H^ J 

of I Zand I i Mtt. li^SiS whofef ^-^^^7?' 

Tangent is, 

. By the fame rfdporrion with Tangwir of 
5b Degrees, yott fini the Hi6ur ^Diftahces^^ of 
W and a, and by 45 Degrees^ the Hoar of j 
and 5, CT-f. which is an intelH^ibl^ "Dbmoti* 
.ft rat son of that common gfven Proportion ^ 
bo?e mentioned*. 
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^HIS THal iJ pmlielt* (ap^ tWfbrc 
* projeded upon the Plain of) the Prime 
Vertical,, or £a& and Weft Aaimath. 
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EXAMPLE. 
Tis required to dctv a South Dial fior the 



: Fifft, , Draw the iPrifhitiH (^rdt W z B K 
to reprefcD^ Ac Prime Vtfrtkal ^ theti cro(ii it 
«t Right-angle^,, with the Liiie t N (whkh lA 
this Cafe is the Mtyidian of-thtf PIaee> aftd r 
tK the Horison f iHen i» z^ht JSbirith, N thfe 
Nadir, i? Eaft, and jrthe5\SWl^ Pbmt^offh^ 
Projeftion 5 the» becauTc the Equator U H^ 
-51^ abort thfc Kwttikty eqtfal ltb* the Comple- 
ment of Latiludef fct otf ^4® '5^y fro**^ «^ ^^' 
Q^ by Prob. p, and draw the Oblique Circle ^ 
Q^ Ey to reprefent the Equator : Alfo becaufc 
the South Bble (^hibh'lil th^Ciiffeii the tift- 
ble Pole) is below 'the HWrfeOit jj** 8^ equat 
*D tfaeXafitude, fet ^t^^^'^ 8V from ^ to >, 
by Prob. 9- tteft^ i# #^ the- S<iuth -Pble^j. thi* 
done, fet off upon^ the Eqmtpr 15530:^5 De* 
l^e^r C^^' b6th WAyi, sfiom g^to «- ^-r, '&c, 
-and draw th« M^idiftfiS'l P<ii>/4 P'^2^ t^t. 
to cut the Primitive Cim:U in the Fomta i & 3«, 
-t^t, th«ft 'Lilies dfaHl^ii ft6ih tV ^i^htef Jt t^ 
iib« Pdinta i i 3, airff tlic Hour tSftc^'r^^ 
lauJrt*-' ' — * . • ••'-'■ *•"'■• 

-• .. . A'- .t • i: • ' . c- ■, • •• ' * ^\- 

The Height of theaile is always equal % 

the Complement of Latitude, which here 

i< 34^ 52^ and may be made as dire£led 

io' th^ llorizontal Dial, the Angular Point 

*olr the Stile l)oth in this and Honzcntal> be* 

ing: 
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ing fixed at the Center of the Dial, and thr 
bottom' of the Stile proceeding apon the Meri- 
dian Line towards the Hour of 1 2. 

'.. v^: ^ r -^ .: ^ --' • -^^ /• ; ;• >- ^'^ 

A North Dial is only pFojeSed on ^c c6ir- 
trary Side of the Prime Vertical^ but the 
Poqr.l)tftai}c€fi»l Height itSf the StiXc^Aa^cl is 
all the (*me 5, dsnly in » Nortfe DiaU the Hout 
of I) i$ pat upwaitis, and the Angular Point 
of li||e$tile is -{s^ul. do W^Wardsf and therefore 
to avoid Ero^ixity^ I flwdl fay no more about 
the Pr^fli^n of , k- ... » 

The JVopiortipn. for. 'finding f He flfoiir Df^ 
fiancee bo a South DiaU by Trigonometry, ist 

* . .^ . . , . - . < . » . , ' ' ." 

As Radius, . ; N ^ _ . ' 

To Sine Comptenacht nf Latitude $ ^ 
SoTanj^ntof 15 JDcgrcM, ■ 

^ol f an$|€^r of the j[>iftances of the HMiist i>r 
II arid I Aromthe Meridian^i 

» ^ < •. i ' . ■ . ' • ' • 

And fo by the Tangent of 30 Decrees, 45: 
Degrees,,^© Degrees, CT^r, you find die Hour 
Difiances of lo and Zj of 9 and 3, and of 8 
.and 4, c^<;. by the Rul<?s ,laid down in the 
.B[oi[izontal. pi^l, vby wh.icb- y^u ?mty alfo Slid 
the Reafon of the Proportion in a South Dial^ 
in the Triangle P iST i, by the DircfUons be- 
fi)»crmcntioned. , . , . ., 

■ » 
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Hoo? to motU m Baft wWefi DIAL: 



( 



"DEFORE you can* projeft this Dial, yott 
"^ muft be determined how hich your Stile 
ftall be, ii^hich may" be dbneat Tleafure, ac- 
cording to the..Largen&isof your Fkte, or 
Plain, which is moft proper ^d be an Oblongs 
Of Ipng .Squantv upos which -df-aw a I^ind 
right-up the Middle, zs a b^ then croia it atf 
Right^angles, with the Line c d^ which done, 
tmk in ■7<)ur Ckaipifiea tfte'H^?^^^ your 
Stile, and with one Foot ifi'th^ (Si'offlhg o^ 
the aforefaid Lines, with the other fweep the 
Circle c e d h^ which divide into 114 ipqud 
Parts, and draw the* two Tangent Lines \ w, 
and n o, Parallel to, the Line ^ 1^, and juft to 
touch the Circle c edhy in:<^and ^$ then-is the 
Line f d the Hour Line of 6, upon which the 
Stile muft ftand^ then Ff^tn the*Q<ftter.j,^l»^' 
a Scale over each Divifion of the - ' ' 
Circle, -and obfrrve ^ here it cujts P/tff^ 8. • 
the Lines i^ m, and wo; and €rom Fig. 4. 
thefe Marks, draw the Lines 5, 5, 7, 
7, tj^r. which ihliH ^1>e thcl 4io^r Lines re- 
quited; ■ • ■ ^^ • -^i-^-- ■ '^'- '^ ' • ■ ■ - ' • ; 
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The Dial tbtts &iifhed» is fit fof atiy Lati>. 
tttde^ only ^ when youi pat it up^ you muft 
have it fo iitttaAe, that the Lifi^ c d may juft 
point to the Poles, then will a bhc Parallel to 
the £(][uino£tial5 and To place it upright upoa^ 
thfi Baft Bide of a W»ll, €<^r.-the Heigbt «f ' 
the Stile equal to the Semidiameter of the 
Circle bv which it is projeAeds and then 1% 
yoar Dial,read}r fop Ujfe., r / ^ ^r 

''''.■' .• .■■■■' • ' c ■ 



U . ' ' ■' -'^ 



A^Weft Di^) h thi fiiine^ only infiead of^ 51 
ft 7^ ^% ^f' 'ti# .numbred 8, t» *> 5» ^^^ 
but (tlw^yf tH^ ^ .a Qiock Line is dut that cuts 
th^ C'>cIq i^,^ irgual PaitSt^ and pa^ "met iti 
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The Tii^<>n«»«tric4lftM)port'c» 

the QO^r Pift^UCMy tS| > ::.♦;:•' 

• < ■ • • 

AsKadiu^ . .. 

To ^h^ Height, QfjAbtfiiae-^. 

T4>t ^^]Di^^€C;(t .:^.: . : - v. :. -^ s:= : > > : . l" t 

Ao^ fo^ftipgdiit^f^^oDegilees^' 
ToDmant<f<J 85 r.. : -^ -i^ ? . 

And fo^Tapgj?nt 45 JDcgreo»».t>r KisidittSi ' ^ 

, Penc^.:tHf otio^r.Lioe rtfiij^, rfhould aVwa\;# 
juft touch the Circle $ becaufc Tangent 4^ De^> 
grees is equal to Radius 5 and the Reafon of 
ti isrProportion is fo apparent to any that uji- 

derf 




^Hcxi^md ike Cwfiri»^axi of tie Tangf ntS| 
tbs^ it i»pee^ltik to iiailft iny more u]pc«i it» 



: > 
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llottr Jo pisjeSf a t>tilm% t>lALl 



IT IS required to pi^ojefl a Bial for Latitudei 
^ 5t ^a» dr<;iining fc;mi tkf Soulh WeflwfMrd 
:3Q pegrcet^ .;. ; 



' ¥ 



crof^ it with tvro Diameters & d. and r ^s then 
becauie the DecliaatiQli is Weft 30 Degreesi 
draw the Obli^iQiae Circle h n d^ to reprefent 
the Meridian of the Place, to make an Angle 
cvf 10 EkjgFpe^ wjiithfcxighl Cireie Aa.rf^th** 
Meridianj of ihd i?kia. (iy PrpK 3 . Cafe *,) 
smd becaufe the Pole of the World is always \n, 
the. Metidian of the place h n e^ and diflant^ 
ffoift the Hprkoftfm.. below it) cqtial to the; 
Latitude^ draw the !lParallel (h i k^) diftant 
from the Horis&on (c a e) $1 32, and where it 
Ciit9 th,e Meridian b n d (ji^in m) is the Pole o^ 
the World 5 through m draw ^ nt g^ axid now , 
you have the. two Rightrsngled Triangles m.^ 
«> ^rid ,nt n a^ and the Quadrantal Triamgle a 

m d^ 



ye^ dialling. 

f», ^ to find the Reqiiifites in yoiir Dial, ancl 
the Reafon of the Proportions ufed for that 
End, for the &FeraI Arcaes and Angles in thele 
three Triangles, meafur^d by the Rules laid 
down in fhe "Geometrical Part hereof, gives 
the Quantity of the Requifites by them repre- 
iented s for the Circle h n J reprefents the 
Meridian of tTxe Place» bad the Meridian of 
the Plain, a m g theSubtile, m g the Stile's 
Height, a i the Latitude, o^r. and the Angle 
i dm^ fhe Declination of the Plain m d r/ its 
Complement d g (the Meaftire of the An&ie i 4 
m) is the Subtile's Diflance from the Meridian a 
n (the Mcafure qfadn) the Declination, e^r. 

Then firft, ^or the Subftile's Diftance from 
the Meridian, reprefented by the Side d g^ in 
the Triangle fft p </, in whicn you have given 
tn g d the Complement of Declination, and m 
J the Complement 6f Latitude to find d g^ the- 
Subtiie's Diftance from the Meridian, which by 
my Lprd Nepah's Proportion, is, 

As Tangent Latitude, *— ■ 5'!?^ 10.09991 

To Radius , ' ' ' " » — 90:00 lo.oocoo 
Sb Sine Declination, — 30:00 9.69^9^ 

* 

To Tangent Subf. DIft. '■ 2 1:40 9. J990(^ 

Or in the Quadranta.l Triangle <i m d^ the 
Angle d a m'j ot in the Triangle m n «, the 
Cottiplcment of the Angle at 4 is the fame 5 
but ihall leave the Operations for the Rea- 
der's Praftice. 

Secondly^ 



Secondly, For the Stile's Height i« the Tri- 
angle fnjfdf thrf Sicfe m g4« required firwdi the 
former Data^ anB is by the Gaomenkai Pro- 
jcftion,^ 

A» Radius, -^-^ -^ -^ — — — 90s 0:1.000000 

To Sine Complement t)ec. S. C. 30: o. 9.93 75 J 
80 Sine Cqoaplcmciit Lat. S. C. 51:3* 979383 

To Sine of tli€'Stilc*s Heights- 32 5^ ^.7 3 1 3<^ 

Or in the Quadrantal^ m dy or the Right-' 
angled Triangle m n ay the* Side a m cAm- 
moo to both, is the Complement of the Stiie's 
Height required. 

Thirdly, For the Difference in Time be- 
tween the Meridian and Subftile, which is the 
Angle dmg^ it is found by the Giobical Pro- 
jeftiontobe, ^ . 

As Sine Latitude, 5^2321 9-89374 

To Radius y ■ * ■ ■ ■ ■ po.-oo lo.ooooo 

So Tangent of Declination, — 30:00 9.7^144 

ToTang. of Dif£ in Time, ctt. 3(? 24 9.8^770 

Which 3 (J 24, converted into Time, is 2 
Hours 16 Minutes, between the Meridian of 
the Plain, and the Subftile^ and if you draw 
all the Meridians through the Pole i», and ma- 
king an Angle with each other of 1 5 DcgreeSf 
the Points where they interfcft being mark'd 
with iai:a!9, e^f. and Lines drawh^^firotn the, 
Geoter a to each Mark^ ihall be the Hoifr 
Lines required. 

I I haw 
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I have aot dirawa sM the M^ridizmp left it 
Jhoul4 too ii>Hch cfmfuik f he Diagram ^ but I 
haVie dj-awA the HQUjrXiuei; cff if (vaiid.w.^.Jj 
by which yoa may do all the red by Prob. 3. 
Cafe 4. Var. 2. of Spherical TrigonoiTietry, 
miking an Angle oF 15 Degrees with each 0- 
ther at the tble m. , 

Thus you have not only the Proportions p.' 
▼en. which, you meet with inmou Books of 
Dtailing ^ but alio the Reafoxis 6f th^fn, as de-> 
dueed ^om the Icnpwn Prinqples of Spherical 
Trigonometry, and Projeftiofi of the Sphere, 
the true Foundation or which being known, 
'tis very eafily apply'd to any Cafe, cither in 
Aftronomy, Dialling, or Geography, or any 
Part of the Mathemftticks> that aepend upon 
Spherical Triangles, . 
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How to draw a South DIAZ^ or a 
Horizontal T>IAL upon their '"r^^ 
fpeSli've Plains without the Help ^ 
an) Matbetnatical Caktdatioti. 

• 

1. A Dial parallel to the Plain ofche Equi* 

•^^.noftial, is only a Circle divided into 24, 

equal Parts for the Hours ; and the Stile or 

Axis is ereSed from the Ccntier perpendicuw 

lar to the Plain. 

a. The 
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•z. The Plain of an E^umoftial Dial, makes 
an Angle with the Rain of a Sourb Dial, for 
4iny given Latimde equal to the faid Latitude $ 
aind With a Horizontal Dial» the Equtnoflial 
Dial makes an Angle equal to the Complement 
of the Latitude, for which the Equino£lial 
T)ial is made. 

V .AU Dittlp, kQWtycr ficuate, have thei^ 
Stiles .parallel to-e^ch other (becaufe all paral- 
lel to the Asm of the World) confequentfy if a 
South Dial waft erected upon the North End 
of a Horisontali one Stile would ferre for 
both, nuiking an Angle with the Horiaontal 
^ial equal to the Latitudet and with the South 
Dial equal tp the Complement of the Latitude 
4i(. the rkcCf the two Plains making a right 
Angle with eadi other. 

Hence alfo if a South Dial was erefled at 
-the North End of an Equinoftial Dial in 
a^Jorth Latitude (or a North Dial at the South 
:£nd in South Latitude) and contiguous to ir, 
one Stile would lAewife letve for both, ma- 
Jcing right Angles with the Plain of the Equi- 
"iio£Hal Dial, and an An^le eaual to the Com- 
plement of Latitude tivith the Plain of the 
South Dial (the two Plains making an Angle 
with each other equal to the Latitude,) 

From thtfe Confiderations, a general Rule 
nuy be deduc'<S, for transferring the Hour 
Lines from an EquinoiSial Dial, to a South 
Dial, or to a Horizontal Dial, the. equal Divi- 
fions in one becoming unequal in the other j as 
.for Inftance, 

I z h 
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17* Dialling. 

Plate i(x It i$ required to make a ^oath 
^%» 3* ^^^ ^<^ Latitude 40 Degrees North. 

Firft, Draw the Line e c, iupposM Perpen- 
dicular to the HorisoD, to represent the rlaia 
upon which the South Dial is te be made 5 
then from r, draw the Line c \ to make Aiv- 
le of 40, Degrees with the Line c e (becaule 
he Plain of the Equin6£U«l Dial makes: an 
Angle of 40 Degrees with the Plain of the 
South Dial] then from any convenient Point 
in the Line a r, eirft the Perpendicular b d^ to 
represent the Stile (becaufe the Stile is Perpen- 
dicular to the Plain of an Eqirinoftial Dial) 
and that will alfo reprefent the Stile oiF the 
South Dial, making an Angle with the Plain 
of it at dy equal to the Complement of Lati* 
tudc, viz. 50 Degrees. This done With the 
Extent bcy and one Foot in the Cen- 
Plate 10. ter if, defcribe the Circle g h i% % 
fig, I. which divide into 24 equal Parts ill 
the points 12129, e^r. Continue 
the Line gn 12 to /, and alright Angles there- 
with, draw the Line /^, io as jufl to touch 
the Circle in the Point 12, and produce the 
Lines » 4, i» 3, n 2, e^r. to cut tne^iaid Line 
in r ;,&c. then from the Line c e(Fig. 3.)which 
reprefents the Plain of the South Dial, take the 
Extent d c (which reprefents the Semidiameter 
of the South Dial) and with one Foot in the 
Point 12, where the Line p cuts the-Line g /» 
with t^e other find the Point q^ uppn which 
as a Center with the fame Extent q la, de- 
fcribe the Circle 12 i^ / w, and from the Points 
r 5 r, &c. draw the Li|ies r q^.s ^, r j, &c. and 

where 
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where thcfe cut the Circle 1 2 i^ / w, as in 4 3 
a 1, c^f. are the unequal Divifions reprefcnt- 
ing the true Hour Lines upon the South Dial 
requir'di the Stile fixed at the Point j making 
an Ahgle of 50 Degrees with the Plain of the 
Dial equal to the Complement of the pro- 
{i&s'd Latitude. 

The Reafon of this Method may yet be bet- 
ter conceiv'dy if you imagine this Paper upon 
which the ProjefHon is drawn> to*be folded 
in the Line 0./, fb that the Plain g i% may 
make an Angle of 40 Degrees (the given Lati- 
tude^ with the Plain 1 2 / 5 for then the Per- 
enojcular rais'd from n the Center of the lef- 
r Circle, will fall. i« f the Center of the 
greater Cjrde* as is evident from the Figure a 
b f d e^ Fig. 3.. 

For thofe that underltand Trigonometry, ob- 
icrve in the Triangle bcJ^ {Fig. 3.) the Angle c 
is the Angle ttuit the two Plains make with each 
thee, eaual to theXatitude, and confequently 
the Ai^e d is eqi^l to the Complement of La* 
titude ^ becaufe the Angle i is a right Angle. 
The Side b c% \% the Semidiameter of the £- 
quinoflial Dial* which maybe ailamedof any 
I,«ength«t Plea{&re>. and d c is the Semidiame* 
ter of the South Dial$ for the finding of 
which, the following Proportion is deduced 
fiom the iaid Triangle. 

« 

As Sine of the Angle k d c^ 
To Side ic) 
So Radius, 
To Side Jr. 

r? There- 
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Therefoir, 

As Sine Complement of Latitudes 

To Radiiw j 

So the Semidiam. of the Equino£UaJl Diali. 

To the SemidijiiBercr of the South Dial, 

And in this, as in all other Cafbs^ haTin^ 
found the Hour Lines, you may put the Cen? 
ter f to the upper Part of the Dial,, and reduce 
it to a Square, or an Oval, e^^. and add to it 
what Ornament you think fit. 

Nt)T£, Always take ©are to ghe Allow- 
ance for the Thicfcncfi, or Subftance of your 
Stile, by imagining the Line upon which it 
ftands to be fplit down the Middle, and the- 
Parts remored afunder, as far as the-Thkknela 
of the Sttle j for if you lay the Meridian, or 
Subtile only under the Middle of the Btilej, 
your Dial will be too flow when the Sun is on 
the Eaft :SJde of the Stile, and too feft when 
on the Weft Side, (bmctimes by a Quantity of 
the Shadow (nearly) equal to half the Thici- 
nefs of the Stile. 

The Horizontal Dial may by the (ame Mean* 
be projeSed frojn the Equinoftia! Dial i as- 
iuppofe I would nuke a liorizontal Dial, for 
the Latitude of 40 Degrees, havings 
plate fo*. drawn the Line 2>r r, to reprcfent 
Ff^. 2. the Plain parallel to the Horizon y 
then.frpnvf draw t^he Linear a^ to- 
make with the Line J f, an Angle of 50 De- 
grees at r, equal to the Complement of Lati- 
tude 9 then from any Point at 6, in the Line a 
r, draw the Line h 0, perpendicular fo ^ c f . 
thfiii ia h Q> the Stile to both Dials^ viz. the E^ 

c^uino£liak 
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quiii93i&I DW t >:, sod the Horizontal Dial 2 
f % then with the Exteiit h r, draw a Circle, 
wJiith divide as before, into 24, equal Divil^- 
ont ) and upon the 11 a Clock Line, conu- 
ou'd with the Extent ® c, and one Foot in 1 1, 
find the Center of th? greater Circle, and 
with the fame Extent draw the Circle (o re- 
prefent the horizontal Dial, and fo proceed in 
all rcfpefts as before, to transfer the equal 
Divilions in the telTer Circle to the tangent 
Line, and ft»m thence to the ^ea(«r Circle's 
Center, and. they wSl make the uo^qual Di- 
vilions upon the Periphery of the greater Cir- 
cle, which /hall Jcfcribe the Hour Linas re- 
quir'd, which being done in all rclpe^Si as in 
the South Dial, I fhiU not need to make any 
further Repetition. 

The trigonometrical ProportitMl for findin 
the Diameters of the greater Circle* dcduc' 
_from the Triangle © A r , is j 

As Sine of ( <2) <-, 

To Radiis J 

Su the Side b r. 

To the Side ®f. 
That i*. 
As Sine of Latitude, 
To Radius -, ' 

So the Semidiamtter of the \e&t Circlet 
To the Scmidianietet of the greater. 

NOTE, you nfe4 not projefl any men 
than & Howrs, a«. fronj i« to Si for Houn 
equally diftant ftoot is, are eqgally diftan< 
' froqi one &a»t^er, v'n~ the Diftancc between 
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the Hour Lines of 9 and lo, is eqiial to tfie 
Diflance between tbofe of 2 and 3, and the 
fame of tbofe equally diftant from 6^ a» from 
7 to 8, is the fame Diflance as from 4. to f> 
and* the oppofite Hours are alio e^ally di*- 
ftanty as from 4 to 4| in the Morning, is thf 
&bie Diftance upon the Circle, as between 4 
and 5, in the Afternoon. 





C H A P. VIL 

0/ GEOXJRA'PHr. 

HE principal SubjeA of tbisTrea- 
tife oeing Trigonometry, and the 
Application thereof to rra£lice> my 
Intent in this Chapter,, is to.flieW 
the Ule of Spherical Trigonometr5(, 
when apply 'd to Problems in Geography ; sh 
wluch I ihaU not have Occafion for many. 

DEFINITIONS. 

Latitude of a Place, is an Arch of the Meri*- 
dian, intercepted betwieen the &id* Place, andi 
the £quinoftial5 and ^refore may be either 
North or South. Z' 

Longitude of a Place, is an Arch of the &- 

Suinodid, contained between the firft Mert- 
ian, and.tfae^Meridian of the Places and k 
either Eaft or Weft. 

NOT ft The firft Meridian, is any Meridi- 
an made Choice of to reckon Longitude from-^ 
but our En^RJb Geographers of late, generally 
ceckon their Longitude from the Meridian cHT 
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\ Oifance between two Places, is twofold, viu 
in ft Rumb, or in the Arch of a great Circle $ 
but the latter beins the neareft» and trueft, it 
what I fhall giye lome general Direflions for 
at this Time. 

Finding the Diftance between any two PIsp 
ces, is commoply expcefs'd under three Varie- 
ties, im. I. When Places di£fer only in Lati'- 

* uAt. 2. When they differ only in Lonflitud^. 
3* When they di&r both in Loogitttoe ixA 
Latitude ^ but I ihall reduce all theie Varieties 

' to diis one 

. GENERAL RULE. 

Raving' the Latitude and Diflerenc^ of 
,^ Longitude, of two Places gifen, find the 
; Points^ reprefenting them in the Stere<^raphick 
' ProieAibn 5 then through the faid Points draw a 

Seat Grcle Ry Prop. y. of Spherical Geometry 5 
at Arch (contain'd" between the faid points) 
meafur'd by Prob. 8. of fpherical Geometry,, 
gives the Diftance required, allowing every Mi- 
nute a Mile, and every Degree 60 Milies. 

E X A M P L E. Plate JO. 

Bg. 4- 

Suppofe two Places, both in Latimdb 40 DeJ 
grcca North, Difference of Longitude ^SDeg. 

PC Q^ then is P the North, S the South 
Poley. E n QjAkt Equinoftial 5 draw the Paral- 
lel of 40 Degrees ah c^ alTume any Point there- 
in, as dy for one of the two Places 5 through d 
daaw the Meridian P d S^ and obfetve where it 
cuts the £quino£lial, as in -^ from; fet off 
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the Differf nee of Longkttdr* 9^ OegKO^ to q^ 
snd draw tiic MerkNjOi i' f ^^ it oksU cut die 
Ttrallel «t ^ r ; in ^, through 1/ attd i^, dtww 
the grett Qrcle R d e Tthc Aftk </ / mei&f 'd 
b^ Prob. 8. of fpherical Geometry^ gi^ret the 
Diftance requifM. 

CALCULATION. 

Tbe two liftModeS' hrsdg jcqwd, . :^ou tukte 
an Ifofeelis Trkmgle P ^ iev in-wfaacii isgivtn 
f f, equal to P ^ 50 Degreet^ tbr Gompk- 
oient of Latitade, and the Angle W f' -1^ 43S 
Degrees, ibe Di&rence of Longitude, to find 
the Arch i i\ but in order to Ckkulation, let 
ibU the Perpendicular P w* then in the right- 
angled Triangle f'^h i'igb^ahgled at w, yoir 
haTC giv^n P « the Complement of Latitude^ 
50 Degreea^ and the Angle v P rf, 19, half the 
I^tference of Longitude^ to find w e half the 
Dtftance in the Arch> which i« found b^ 
the following Fropurtiom Cafe is. ' 

A9 Radius, 

To Sine CorajpJemenfcof Latitude P ^ . 

So Sine ^ DiSerence of Longitude in Wti* 

flutes, w P ^. 

To Sine^ the Dillance in Miles, vst whicK 
doubled is the Diftance required. 

For the Diftancc in the Parallel the Propor- 
tion, is . 
As Radius^ 

ToSineComj^ Latitude, 
So Diff. Longitude in Minutes, 
To the Diftancc in Miles in the Parallel,. 
Always more than the Difiance in the Arcb,.. 
^ • EXAM- 
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V^ fUotB ^iShr iiotlk ki fUfm^mie tud 
/ ' '.f Cij^ 4fJMr«J>^s tliipParsiUct^iir i0 Northf 

. 'IMmi a^. in W; fer f»i»^ PUfit, ^ idmor Ac 
^ dtm^lin. P ^ ^, »nd frtiB ib^ VUO0 K^Iwe.it 

. cuis tWi&E|uiiHftaMU 4s jo v*^ &t o^ th^ la/k' 

the Parallel x A x, which i$ inW irfcich IW*^- 
feots the other Place ; then through J and h^ 
draw the Circle i d h ky the Arch </ A is the- 
Diftance required. 

C ALCUL A TI O JSr. 

In the ohlique Triangle J P h^ you have gf- 
* rttnt r, the €a i' iipl e nient of -one -Latrrtide 50 
Degrees, and P h the other Latitude added t9 
90y viz. no Degrees, and the Angle at P 58 
Degrees^ the Difference of Longitude to find 
d h hy Cafe the Eighth, of oblique fpherical 
Triangles. 

And thus by a right Underftanding, anct 

-true Application of fpherical Trianoles, all 

the Gales in Geography, with refpeS to Di- 

ftance of Places, may be folvedj^ which is Co 

plain, that I need not enlarge upon it. 

I d • I might 
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1 might htire added fomething with refpe^ 
to great Ciroie &uUng f bat I flhll not meddle 
wiui any Part of Navigation in this Treatifir ^ 
bccanie I Aall (Ged willing^ tboHlypiMifh a ^ 
Book of Navigation, and the Ufe of the new * 
Globalar Projeak>n of Sea eharta, is which 
gseac Circle Sailkig it rMder'd caI^ and'ptfaAi- 
cable, although neyer aceoMted fe iijpoii any , 
other PKijeAion $ thatioipaftiai thinKing^en 
nay be conTinc'd, Whether a ^ftitiotts^ cjriin- 
driod ProjeAion, grounded upon* a^ Stopofi^ 
tiott knowft to be falfe,'' or a tnie>GloDiilar 
Frojefiion) grounded upon, and dedo^d^rftom 
Ibund' and real Principlet, be moA ftyplicaUe- 
to P^raftieef and fitteft to bo depended ofpaftrr 
ISmthind 
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The Ufe^ of tbefe T a b li si; it$ 

T^HERE is mMOXci two J^umbersto 
' ■■ be fubftraftcd -from cs^b otnei*) the Re- 
maiaider is the Asiwjer to. the Qgeftioii, in 
t{o^rs.and^Minutes: X)f fthcfe.two Numbers 
the Sun's tight Afc^cnBoa is altcrays .one, be- 
caufe we bi^in to reckon the AdronoiHical 
Hours an Noon.5 then for Rifin^ uie obUqtie 
AfceoGon 5, for? Southing, .nferi^t ACcenGon^ 
and for Setting, ufe oblique 'Belcenfion, 1^ 
If vou feek for the.Suh's Elifing, fubftrad bis 
right AfcenSon from his obliqiie Aicenfbni 
the Remaioder is the Time^of Suh*e RJ^ngj 
1>ut if you feek the Time of Sun's Setting^ fub^ 
flra£l his right Afcenfipfl, from his oblique 
D«(cen£ion, the Hemain^firr is the^ime of Sipn'^ 
Setting*. Again, If you ^efire to kpbw thelCimf 
of the .Mpon'«^Comtng to South, fubflraft the 
Sunls right Afcenfion from the Mpon's right 
Afcenfion,' the Remainder is the Time of 
Moon's Southing! but if you would know.the 
Time of the Moo^^'s Setting, fubftraft the Sun's 
right Afcenfion, from the moon's obllaue.De- 
Tcenfiori, the Remainder is theTime oiF Moon's 
Setting, borrowing 24 Hours if Sabftra£lioa 
cannot otberwife be m^det and jf thp Remain^ 
,der, b^ ra^ore than i^ caft away li^ and the 
Remainder is the Hour and Minute in the 
Morning 1^ but if lefs than 1,2, it k the Hour 
and Minute in the Afternoon. 

If you fe^k vthe Rifing, rSouthing, or Set- 
ting of the rMoon, and- j(V0.uld be es^fl $ yojti 
mud firft compute in your Mind about what 
Time it will happen, and adjuft her Place 
;to that Hour, aiid then work as.bcfore. , 
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EXAMPLE. 

I defire to ktiow the Trine of Stints RiSitg, 
Off (A. 19. 1720.^ flodk in 'Ac Efhemertsy and 
fihd Ae Son is in 7 D. p. M. of rti. I look for 
7 D. (rejefting the Mrnutes) and find the ob- 
• lique Afcenfion of^ D. of rii, is 9 H. 
^ ^* 3a M. ^nd the tight A&enfion there* 
'^ ^^ of is 14. H. 19 M. which fubfiraSea 
' (haying flrft fuppos'd 24. Hours to 
J 9 13 ^e srddcd to the oolique Afcenfion, as 
'^ befdte ditefted) the Kemaindcr is 19 

' " 13 ^ from which abating tz, the Re- 

^ ^^ mainder 7 H, 13 M. is the Time of 
Sun's Rifing* OBoher ip^ as was rediiir*d. 
EXAM PLE 1. 

I deiffre "to know the Time of Moon's Set- 
ting, Nov, 2*1, 1720. 

If we take^'the Place of the Moon at Noon, 
and\ilfe it as her true¥lace» it would beget 
J3L fmatl Error, but for more Exadlnefs, confi- 
dcr that tHeMoon is 3 Days old, and there- 
fore will not fet before ^ or 7 a Clock 5 I there- 
fore compute her Place for 6 a Clock, thus ^ 

I find the Moon, Nov. 21, at Noon, is Vf 1^ 
D. 55 M. her Motion from that Day at Noon, 
till Nou. 22. at Noon, is about 15 Degrees 5 1 
therefore look in the fourth Column of the 
laft Table, under 15 Degrees, and againft 6 
Hours, I find 3 D. 45 M. which is the Degrees 
.and Minutes the Moon has gone fince Noon, 
that added to her Place at Noon, >y i<^ 55» 
makes yf 20,40, which being near 21 Degrees, 
and not regarding odd Minutes in this Cafe, I 
fcek the oKii^itte Defcenfion of ^ 21, and find 
kUa 2 3 D. 2^ M* lalfo 



